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M. T. DAVIDSON, | 
Principal Office and Works: 
43-53 Keep Street, 
BROOKLYN, N. Y. 
Branches: 77 Liberty Street, N. ¥. 
and 60 Oliver Street, Boston. 
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ATLAS PORTLAND CEMENT. 


WARRANTED EQUAL TO ANY AND SUPERIOR TO MOST 
OF THE FOREIGN BRANDS. 


OFFICIAL TESTS, Nos. 3567 and 3568, made by the DEPARTMENT 
OF DOCKS, New York, March 31, 1894, being part of con- 
tract No. 464 for 8,o00 barrels. 


TENSILE STRENGTH, 7 days, neat cement, 4 . . 622 lbs. 
TENSILE STRENGTH, 7 days, 2 parts sand to 1 of colkaael . 332 lbs. 
Pats steamed and boiled, - é > . . Satisfactory. 


All of our product is of the first quality, and is the only American Port-. 
land Cement that meets the requirements of the U. S. Government and 
the New York Department of Docks. We make no second grade or so- 


called improved cement. 
We furnish QUICK or SLOW Setting Cement, as desired. 


ATLAS CEMENT CO., 


148 Liberty Street, New York City. 


} == == 


SECTIONAL COVERING 
FOR STEAM PIPES AND BOILERS, 


“THE GREAT COAL SAVER” 
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ADVERTISEM ENTS. 


WILLIAMSON BROS., 
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Office and Works peewee and York oe Philadelphia, Pa. 
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JYDRO PNEUMATIC ASH: EJECTOR.’ PISTON WITH ADJUST- 
ABLE SHOE. AIR AND GREASE EXTRACTOR. EVAPORATOR 
AND FEED WATER HEATER. WATER TUBE BOILER, 


1. Hydro-Pneumatic Ash Ejector.. 
Avoids dust and noise, Saves coal. Lightens labor. Prevents injury to 
paint. More than 200 now fitted and ordered. 


2. Piston with Adjustable Shoe and Follower. 
Applicable td horizontal and other engines. Takes the wear at proper point 
and guides without tail rod. In use on U.S, Cruisers “ Baltimore,” 
« Newark,” Philadelphia,” &c., and Steamer Connecticut.” 


3. Air and Grease Extractor. 
Prevents grease iti boiler. Does not reduce temperature of feed water. Can 
be quickly cleaned. In use on S. S. ** El Rio,” “ Morgan City,” &c. 

4. Evaporator and Feed Water Heater. 
Rapid in its work. No pump Aes ywhse Coils readily shed all deposit. Of 
light weight. In use on S.S. “ El Norte,” “ Louisiana,” Yacht “Almy,’’ &c. 


5. Water Tube Boiler. 
-Straight sub-vertical tubes of small diameter, Safe, light and durable. 


All patented in the United States. The Ash Ejector patented abroad. 


HORACE SEE, 


_No. One Broadway, = NEW YORK. 


Steel Water-Tube 


MARINE 


No. 29 Cortlandt Street, 
NEW YORK. 


sod tater Marchant Marios end 16,500 H. P. 
Boilers sold to United States Navy, . . 7,500 


. Only Water-tube Boiler in British Merchant Marine, 15500. “ 
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OF ALL KINDS 
FOR EVERY POSSIBLE PURPOSE. 
WHITE LEAD 
RED LEAD 
PAINTERS’ COLORS 
ZING WHITES 


French and American. Guaranteed 
strictly pure and of best make and 
preparation. 


ANTI-RUST 
A perfect preservative for structural iron. 
. May be applied to hot or cold surfaces. 
Best coating for all sorts of pipe sur- 
faces for all exposures. 


SPECIAL PAINTS 


Large factories and complete equip- 
ment permit the supply of special paints, 
made to any given formula, and in any 
quantity, at shortest notice, with rigid 


ADHERENCE TO SPECIFICATIONS GUARANTEED. 


HARRISON BROTHERS & CO. 


PHILADELPHIA 
CHICACO 
NEW YORK 
Correspondence solicited i 
on any paint topic. NEW ORLEANS. 
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GTRATTON SEPARATOR, 


This is the only apparatus that automatically separates water 
from steam, and secures the maximum 
Economy, Efficiency and Safety. 


Specified by the Navy rege and used on all the New 
isers of the 


UNITED STATES NAVY, 


and by the Leading 


Steamship Lines, Railroads, 
Water Works and Electric 
Light Companies. 


THE GOUBERT MFG. CO, 


(Sole Manufacturers), 
14 and 16 Church St., cor. pene New York. 


WESTINGHOUSE ELECTRIC AND MFG. COMPUKY, 


PITTSBURG, PA. 


The Largest and Most Completely Equipped Electrical Manufacturing 
Establishment in the World. 


Power, Incandescent and Arc Lighting, from the Same Circuits. 


We have porcheeet and are the SOLE OWNERS of the patents issued to Nikola Tesla for the 
POLYPHASE ALTERNATING SYSTEM, now recognized to be the most successful system for 
lighting and power purposes. 
We furnish complete lines of — for the perfect equipment of ISOLATED PLANTS 
for Hotels, Office woe Flats, Factories, as well as STEAMERS. 
TANDA TEMS for distribution in and power in LARGE MANUFACTUR- 
ING ESTABLISHMENTS. MILLS and MINE 


WESTINGHOUSE ELECTRIC RAILWAY SYSTEM, 
The Most Durable, Economical and Efficient on the Market. 


NEW YORK, 120 Broadway. PHILADELPHIA, Girard Building. 


BOSTON Exchange Buildin; ST. LOUIS, American Central Building. 
ICAGO, New York Life Building CHARLOTYT E, aS College Street. 
ACOMA, WASH., 102 S. Tenth Street. SYRACUSE, N. Bastable Building. 

Pit TSBURG, Westinghouse Building. SAN FRANCISCO, ’ Mills Building. 


BUFFALO, Erie CAWADA. Building. WASHINGTON, 1333 F Street, N. w. 
For CANADA, address AHEARN & SOPER, Ottawa, Ca ye 4 
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W. & A. Fiercuer Co, 


North River Iron Works, 


MARINE ENGINES, BoILers, Etc. 


Hudson, 12th and 14th Streets, 


HOBOKEN, N. J. 


“Take Ferry FROM Foot oF WEST 14TH Sr., N. Y. 


ASBESTOS FIRE-FELT 


MARINE BOILERS. 


SECTIONAL, 

DURABLE, 

REMOVABLE, 
FIRE-PROOF, 

WATER-PROOF. 


Approved by U. 8. NAVY DEPARTMENT. and in use on the NEW 
CRUISERS of the U. S. NAVY. 


H. W. JOHNS MANUFACTURING CO., 


Sole Manufacturers of H. W. Johns’ A-bestos Roofing, Sheathing, Building Felt, Asbestos Steam 
Packings, Boiler Coverings, Roof Paints, Fire-Proof Paints, etc. 


VULCABESTON Moulded Piston-Rod Packing Rings, Gaskets, Sheet Packing, ete 


4 Chicago, Boston, 
87 MAIDEN LANE, New York, 
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ORFORD COPPER CO. 


37 Wall Street, New York. 


ROBERT M. THOMPSON, Prest. 


COPPER INGOTS, WIRE BARS *s CAKES 


FERRO NICKEL 
FERRO NICKEL OXIDE 


FOR USE IN PREPARING 


NICKEL STEEL FOR ARMOR PLATES, 
WATSON & McDANIELS’ STEAM SPECIALTIES 


Our goods are adapted t» marine use. The 
STEAM TRAPS work under highest and low- 
est pressure. Simple in construction. Do not get 
out of order, We make Extra Heavy STEAM 
TRApPs to work up to 200. Ibs. pressure, and they 
are tested up to 300 lbs. by us, and we send them. 
subject to Government Tests at our risk. 


WATSON’S 
PATENT 


PRESSURE 
McDantuts Pat. Steam Trap. REGULATOR. 


No diaphragm to blow out. Is a piston valve well 
adapted to marine use. Is governed by a spring not 
affected by the rolling of ship. The Regulator as well 
as our other goods have been tested and passed by the 
Board at Brooklyn Navy Yard. They have also been 
recommended for adoption by the Board of Naval 
Engineers 

The U. S. Cruiser “Cincinnati” was fully equipped 
with our goods when built. They have 
been and are now fully satisfactory. 

A Trap or Regulator furnished, free of - 
expense, to any ship in the service before 
asking an order; if not satisfactory, we will o 
pay return charges. For sale by the trade 
generally. Send for circular. Ss 

WATSON & McDANIFEL, 
144 N. Seventh St., Phila, Pa. 
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Pressure@=— 
Regulator.} 


(Reducing Valve) 


The Experimental Board of the Bureau of 
Steam Engineering of the U. S. Navy, 
after recent tests, report that it is: 


“THE BEST PRESSURE REGULATOR 
AND REDUCING VALVE ‘WITHING 


” 
U.S. NAVY STANDARD. KNOWLEDGE. 


FOSTER ENGINEERING CO. 


(FOR SHIPBUILDERS) NEWARK, N. J. 
(FRESH WATER EVAPORATORS 
FRESH WATER DISTILLERS 
AUTOMATIC BOILER FEEDERS 
AUTOMATIC STEAM TRAPS 


1310 Vermont Avenue, Washington, D. C. 


Self-Acting Metal Packing, 


For PISTON RODS, VALVE BF. EMS, etc., of every description, 
for Steam Engines, Pumps, etc 

Adopted and in use by the a Iron Works and Steamship 
Companies, within the last twelve years, in this and foreign countnes. 

FLEXIBLE TUBULAR METALLIC PACKING, for slip-joints 
on Steam Pipes, and for Hydraulic Pressure; also METAL GASKETS 
for all kinds of fla «nges and joints. 

Dovusie-Actinc BALancep Water-TicHt Buckugap Doors for 
Steamers. ond Ageuts for the McColl-Cumming Patent Liquip- 
Rupver Brak 

For full Sarvicdlers and reference, address, 


Ys L. KATZENSTEIN & CO., 
i, General Machinists, Brass Finishers, Engineers’ Supplies, 
’ 357 West Street, New York. 
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THE STURTEVANT 


STEAM BLOWE 


FOR }‘ORCED (COMBUSTION. 


CATALOGUES 
ON 


APPLICATION, 


S.F.STURTEVANT, 
|, MASS. 


B. F. Sturtevant Co., 
Boston, MAss. 
91 Liberty St., New York. 165. Canal St., Chicago. 135 N. Third St., Phila. 
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ARMINGTON SIMS 


ENGINE CO. 


t.. 
&. 


We have furnished over 3500 Engines for 
Electric Light and Power Stations 
in all parts of the world. 


WE BUILD 


SPECIAL ENGINES 
Vertical and Horizontal, 


DIRECT ACTING 


COMPOUND and TRIPLE COMPOUND. 
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Exuisit at Woxtp’s CoLtumpian Exrosirion. 


THE RAND DRILL COMPANY, 


ROCK DRILLS AND MINING MACHINERY, AIR COMPRESSORS WITH 
CY’MPOUND AIR CYLINDERS AND COMPOUND STEAM 

CYLINDERS, WITH MEYER OR CORLISS VALVES. f 

RAND DRILL CONPANY, 23 PARK PLACE, NEW YORK. 


GENERAL ELECTRIC COMPANY. 


COMPLETE 


Electric Light & Power Plants 


FOR 


WAR VESSELS, 
STEAMSHIPS, 
YACHTS, 
DOCKS, WHARVES, 
Our Marine Generating Set with Engine and Diysanio on the, seme 


Base is the most Compact and Perfect Marine 
Electric Light and Power Plant. 


Search Lights, Dock Hoists, Fans, Ventilators, 
Incandescent Lights, Arc Lamps, etc, 


MAIN OFFICE, SCHENECTADY, N. Y. 


SALES OFFICES IN ALL LARGE CITIES IN THE UNITED STATES. 
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THE GEO. F. BLAKE 60., 


BUILDERS OF EVERY VARIETY OF 


95 & 97 Liberty Street, 


WEW YORK. 


185 Devonshire 8St., 6835 Arch Street, 
BOSTON. PHILADELPHIA. 


STEAM PUMPS FOR NAVAL USE A SPEBMLTY 


Send for Illustrated Catalogue. 


WHEELER CONDENSER & ENGINEERING CO. 


Nos. 39 and 41 CORTLANDT STREET, 
Proprietors and Manufacturers of 
WHEELER’S 


IMPROVED 


PATENT 
SURFACE 


CONDENSER. 


3@> Also, the Wheeler-Admiralty Condenser, with Patent Screw Glands, 


Light Weight Surface Condenser for Steam Launches a Specialty 


N. B.—The following U. S. War Ships are furnished with the Wheeler-Admiralty Condenser, 
combined with Air and Circulating Pum (mounted arra! Dolphin,” ‘Vesuvius, 
= “Detroit,” Minneapolis,”’ Marb' “Towa,” “Indiana,” Massa- 
chusetts,”” ‘“‘ Texas,” Brooklyn,” New York’’ and Columbia.”” 
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SELDEN’S PATENT PACKINGS, 


FOR STUFFING BOXES OF ENGINES, PUMPS, 
AIR COMPRESSORS, GLOBE VALVES, ETC. 


HE “SELDEN” is in use in the U. S. Navy, an@ 
the largest Marine and Stationary plants in this an¢! 
other countries, and its merits have been testified to by th: 
repeated orders where it has once been introduced. Th. 
materials of which it is composed are entirely free from am: 
substances which will either score or corrode rods an 
plungers, and will keep them tight with less friction tha 
any packings on the market. A trial will convince you of 
the justice of these claims, It is put up in handy shape for 
the consumer and dealer. 
Round, with Rubber Core, in sizes (varying by sixteenths) from Y{ t 
2 inches diameter. 
Round, with Canvas Core, in sizes (varying by sixteenths) from % t> 
134 inches diameter. 


, with either Rubber or Can Core, in sizes (varying 


RANDOLPH BRANDT, 
38 CORTLANDT STREET, NEW YORK. 


Patent Water Tube Boiler 


IN USE IN THE FOLLOWING NAVIES: 


U. S. America, Brazilian, Indian, 
British, Danish, Italian, 
Argentine, French, Spanish, 
Austrian, German, Etc., etc. 


Used in the New 30-Knot “ Destoyers” for the British 
Navy, and in U. S. Torpedo Boats ‘‘ Cushing”’ 
and ‘ Ericsson.”’ 


THE PATENTEES ARE PREPARED TO. GRANT LICENSES FOR THE MANUFACTUR OF THE 
BOILERS UNDER ROYALTY. 


SOLE AGENTS FOR VU. S. 


JOHN PLATT & CO.. 


Cedar Street, “NEW YORK. 
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CRAMP’S SHIP YARD, 


PHILADELPHIA, PA. 


BATTLE SHIPS, CRUISERS, PASSENGER 
AND FREIGHT STEAMSHIPS, &C. 


Steam Machinery of every description, including 
boilers and all equipment, Marine Engines of any 
desired power, Mining Machinery, Hydraulic Plants, 
both for pumping and for power, Furnace Blower 
Engines, Tank Works; in short, every device or 
appliance embraced. in the domain of applied 
mechanics. 


Basin Dry Dock and Marine Railway. 
Parsons’ Manganese Bronze and White Brass. 
Water Tube Boilers (Niclausse, Mosher, Yarrow). 


Area of Plant, thirty-two acres. Area covered 
by buildings, fifteen acres. Delaware River front, 
1,543 feet. 


Floating Derrick “Atlas;” capacity 130 tons, 
with 60 feet hoist, and 36 feet out-hang of boom, 


Number of Men Employed, about 6,000 in 
all departments. 


At Once, the greatest and most complete Ship and 
Engine. Building establishment in the Western 
Hemisphere. 
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VERTICAL DUPLEX BOILER FEED PUMP, 


OF U. S. ARMORED CRUISER “ MINNEAPOLIS.” 


The followi: 
bia,” New Yor! 
Marblehead, 
lwana,”’ Narkeeta,”* 
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NOTICE. 


The Annual Meeting for the Election of Officers for 
1897, and the transaction of other business, will be held 
at the Navy Department, Saturday, January 9, 1897. 
Members who cannot be present are requested to send 
proxies. 

Members and subscribers are respectfully notified that 
the annual subscription of $5 for the JourNAL for the year 
1897 is now due, and that prompt payment will be a favor 
to the Secretary. 

It is requested that any change in the address of mem- 
bers, subscribers and exchanges for the coming year be 
communicated to the Secretary and Treasurer before 
January 1, 1897. 

Respectfully, 
F. C. Bigs, 


Secretary and Treasurer. 
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ON CRANK SHAFTS. 


By Joun H. Macacpine, Esg., Associate MEMBER. 


The following investigation, which has occupied my time in 
-the Bureau of Steam Engineerimg at intervals during the last 
two years, deals with the estimation of the various stresses 
which are induced in the crank shaft of an engine when running. 
The original object of the investigation, and the principal practi- 
cal result, is the ascertaining of the dimensions of a set of crank 
shafts which, under working conditions, will not in any part 
have stresses rising above a definite value. So far only the shafts 
with three cranks at 120° have been treated. The results are 
represented by curves from which can readily be deduced the 
dimensions of the various parts of the shaft in any particular 
case. 
Usually the diameter of the crank shaft has been determined 
from the forces due to steam alone, and this is proper for those 
engines which do not run faster than a moderate speed. But for 
a large proportion of marine engines built now the inertia forces 
must be taken into account if a reasonably accurate calculation 
of the stresses to which the shaft is subjected is to be made. 
44 
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In what follows there are therefore two separate solutions of 
the crank shaft problem given :— 

1st. For forces due to steam alone. 

2d. For forces due both to steam and inertia. 

In both cases the constants used have been deduced from the 
actual practice in a number of engines of the U. S. Navy, which 
have been successfully tried. 

In estimating the forces acting on the shaft it is allowable to 
suppose that the engine has been carefully built and is intelli- 
gently run. To suppose a large error of judgment in either case 
would be as irrational as to allow for a very serious flaw which 
might be hidden in the material. We must, then, take the engine 
running at full power, and may suppose a fairly equal distribution 
of power among the three cranks: the main bearings and other 
parts being in reasonably good adjustment. 

Determining the constants from successful practice is more or 
less equivalent to making an allowance for any abnormal stress 
which is as likely to occur in one engine as in another. In 
other words, one function of the factor of safety is to cover 
unusual conditions which we cannot foresee. 

When these suppositions are made, the principal factors in 
producing the stresses in the shaft are reduced to a small number. 
They are :— 

ist. The steam pressure. 

2d. The diameters of the cylinders. 

3d. The stroke. 

4th. The moving masses. 

5th. The speed of revolution. 

6th. The span from center to center of the after main bearings. 

When inertia is taken into account, the worst case will be to 
suppose the L.P. engine with its heavier moving masses, acting 
on the after crank. 

The minimum span from center to center of the after main 
bearings for a given stress in the material of the shaft, and 
definite nominal * pressures per square inch on the journals, is 


* By nominal pressure is meant total reaction of bearing divided by product of 
diameter of journal into length of brass. 
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found by calculation from the first five factors given above; but 
as the disposition of these bearings is frequently affected by the 
exigencies of the design, it has been put down as a prime cause 
of stress in the shaft; and it has been deemed advisable to add 
a simple correction of the shaft dimensions given by the curves, 
for a change in this quantity from the minimum value. 

The distribution of cylinder centers and the other main bear- 
ings, &c., by affecting the bending moments, has some influence 
on the maximum stresses in the shaft, but they are of quite 
secondary importance to the six factors noted above. 


The whole investigation is practically founded on the following 
proposition with regard to similar machines. I will state it only 
with reference to similar steam engines, though that restriction 
is not necessary. 

Two similar engines which have the same boiler pressure and the 
same distribution of steam pressures, all through, and which run at 
the same piston speed have :— 

1st. The same intensity of stress in corresponding parts due to 
sSleam pressure. 

2d. The same intensity of stress in corresponding parts due to 
inertia of the moving masses. 

3d. Are similar in the same part of the revolutions: that is, have 
similar el@tic deformations. 

After this investigation was well under way the proofs of the 
Ist and 2d parts of this proposition were given in this JouRNAL 
for May, 1895, in the translation of a paper by Mr. J. A. Nor- 
mand. The proof is retained here, as it is of fundamental im- 
portance in what follows. 


(a) Suppose the linear dimensions of the 

smaller engine are to those of the 

(b) Total stresses due to steam at cor- — 

responding points of the revolu- 

tion (proportional to piston areas) 
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(c) Moving masses are as . 


(d) Revolutions per minute (for the : same 


piston speed) are as pet 

(e) Inertia of moving masses at corre- 
sponding points of the revolution 
(proportional to product of moving 
masses, revolutions? and stroke 
=constant X X X =con- 
stant are as 


(f) Arms for leverages for cross endian 


and torsion, are as ; 

(g) Areas for tension, compression, shear, 
and surface pressure on aie 
are as 


(h) Strength of the sudan sections tee 
cross bending and torsion, are as . 


(i) Ratio of tensile, compressive, and 
shearing stress, and surface pres- 
sures on bearings per square inch, 
due to steam, ie 

(k) Ratio of tensile, <otimiains: and 
shearing stress, and surface pres- 
sures on bearing per square inch, 
due to inertia, . ak 

(1) Ratio of stresses per square inch hues 
cross bending and torsion, due to 
steam, 

(m) Ratio of stresses per square from 
cross bending and torsion, due to 
inertia, 

This proves the Ist ad the 

(n) Rate of extension, compression, and 
angle of shear at any part due to 
steam ; that is, strain at any point 
(proportional to intensity of corre- 
sponding stress) 

(0) Rate of extension, compression, and 


1: 


= (b) + (g) =1. 


= + (g)=1. 


=(b) x (f) +(h)= I. 


=(e) (f) +(h)=1. 
proposition. 
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angle of shear at any part due to 

inertia; that is, strain at any point 

(proportional to intensity of corre- 

sponding stress) . . . . 
{p) Resistance of the similar sections to 

curvature due to cross bending 


(q) Curvature at 
due to cross bending from steam, _ (b) x (f). ‘l=anil. 
That is, the radius of curvature is (P) 


proportional to the linear dimen- 
sions, as it must be to give simi- 
lar deformations. 

(r) Curvature at corresponding points 


due to cross bending from inertia, — '€) x fe) X (f). ‘pail. 
(s) Moment of resistance of similar sec- 0) 

tions, per unit rate of twist due 

(t) Twist per corresponding lengths 

from torsion, due to steam, . . = x ()., = 

(u) Twist per corresponding lengths _()x ox, 


from torsion, due to inertia, ae 

(q), (r), (t) and (u) may be combined in this single statement 
— At corresponding points in the revolutions, and correspond- 
ing points in the similar engines, the angular displacements of 
the parts are equal. 

This completely proves the proposition. 

The proposition does not hold if we consider forces due to 
gravity, but these are of slight importance in the consideration 
of the strength of crank shafts. A little consideration would 
show that, in the larger of the two similar engines, the stresses 
due to gravity are ” times those in the corresponding parts of the 
smaller engine. 

The use of this proposition allows us to confine our attention 
almost entirely to engines of one stroke. 

In all that follows, unless the contrary is expressly stated, the 
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stroke is-taken as being one inch. The symbols designating 
any quantity where the stroke (= s) is not one inch, are written 
with a prime, while in designating the corresponding quantity 
for a similar engine of one inch stroke the prime is omitted; thus, 


a’, = diameter of H. P. cylinder for stroke s. 
d, = = diameter of H. P. cylinder for stroke = 1”. 


If the distribution of power between the three cylinders is 
nearly equal, and the cut offs in the several cylinders are not 
very different, we will have nearly equal maximum forces due to 
steam on each piston rod. It is almost invariably the intention to 
produce this approximate equality, and it is easily accomplished 
in practice over a considerable range of cylinder ratio for a given 
boiler pressure. If this maximum force were exactly the same on 
each rod, and if there were no losses of pressure from the boiler 
to the condenser (supposed at absolutely zero pressure) except 
due to expansion in the cylinders, its value can at once be calcu- 
lated. 

Let the cylinder diameters be @’,, a’, . . . . d@’,, measured in 
inches, and taken in order beginning at the H.P., the steam pass- 
ing successively through the cylinders. 

Let s =the stroke. 


Let Po Pa—1, be the absolute boiler, and successive 
receiver pressures in pounds per square inch. 
Then 
where F’,, is the maximum total force from steam on the piston 
rod. 
Thus 
4 


= 


F’ 
4 m 
x 
. . . . 
F’ 
+ m 
n—l 
a", 
| 
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Adding, 
4 


or F’ 


The corresponding force for one inch stoke 


I 


= 
s(at+at 


For three cylinders we have 


4 t gat 


For the sake of reference in what follows, it is convenient here 
to explain Fig. VIII. 

For the present, let us confine our attention only to the full 
line curves. 

F,, forms the horizontal scale of this figure, and each curve 
gives by its ordinates read on the vertical scale, the dimension 
of the part of the crank shaft noted at the end of the curve, the 
stroke being one inch. For stroke s, each dimension must be 
multiplied by s. The curves are calculated from F,, = 10 to F,, 
= 100, which fully covers the range of practice. The lower 
values of F,, relate to engines in which the ratio of cylinder 
diameter to stroke is unusually small, or the steam pressure 
very low; while the large values of /,, relate to the opposite set 
of conditions. 


ON THE COMPOSITION OF A TENSION AND SHEAR AT A POINT. 


This is a subject of such great importance to what follows that 
it deserves to be noticed at length, even at the risk of repeating 
much that is well known—especially as a deviation from the ordi- 


4 
a 
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nary procedure in such a case, has been made in evaluating the 
factor of safety. 

Suppose a cylindrical bar fixed at one end and supported 
horizontally. If a torsional couple is applied at the free end, 
each line in the bar which was originally straight and parallel 
to the axis will become a helix. In the outer fibers, where the 
greatest stress occurs, there will thus be a simple and uniform 
shear of the tangent plane at each point. 

If, instead of a torsional couple, the free end of the bar is. 
pulled vertically upwards, these longitudinal fibers will be ex- 
tended with a force which is proportional to the distance of each 
point below the center of the cylinder, and also to its distance 
from the free end. Thus, at the lowest point of the fixed end of 
the bar, the longitudinal tension is a maximum. 

If the torsional couple and vertical pull act together, the bar 
has at this point to stand the effect of the maximum shear and 
the maximum tension. At the upper point of the fixed end, 
this tension is replaced by an equal compression while the shear 
remains the same. If the bar is sufficiently long we may neglect 
all other stresses and these are the two points of highest stress. 


<--- 


>P 
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Let us examine what occurs. 

Suppose ABCD, Fig. I, to be a very small portion of the sur- 
face of the bar at the point where the longitudinal tension is a 
maximum. 

This tension, Plbs. per square inch, acts parallel to Az (which 
is the direction of the axis of the bar) on the two faces AB and 
CD. These two forces are thus in equlibrium. The shear of 
U pounds per square inch acts along all faces parallel to AB and 
CD. As the force is indicated in the figure, the portions of 
matter on the right of any face (say CD) tend to force the matter 
on the left of the face, in the direction BA. Thus the shearing 
forces acting on AB and CD produce a couple with moment 
= U Xt xX AB X BC; t being the very small thickness of the 
element. 

For equilibrium, there must be an equal and opposite couple 
produced by shearing forces on the faces AD and BC. 

As AB is the arm of this couple and BC X rt is the area over 
which the force acts, the intensity of the shearing stress must 
also be U pounds per square inch. 

Let us now examine the tension and shearing force across the 
diagonal AC. More properly, we should say, across the nor- 
mal plane intersecting the element ABCD of the surface in AC. 

Let the angle CAD = ¢. 

Considering the forces acting on the element ACD, we have :— 


A tension PX CD X t=tX AC X Psin ¢ parallel to Ax. 
A shear UX AD X t=t X AC X U cos ¢ parallel to Ax. 
A shear UX CD Xt=t X AC X Usin ¢ perpendicular to Ax. 


These must be balanced by the tension and shear across AC. 
Resolving the forces perpendicular and parallel to AC we get :-— 


Tension across AC, 

tX ACX X AC (Psin? ¢ + 2 Ucos ¢ sin ¢). 

Shear across AC, 

tX ACX U,=t X AC(— Psin¢g cos ¢ — Ucos? + Usin*y). 
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When the tension (or compression) is a maximum we have, 


That is, the maximum tension and compression act along lines 
at right angles to one another. 
Thus if V= O, equation (4) gives tan 2 ¢ =O, from which 


¢=0O or =: the latter value giving, as it obviously ought, P, 
{= P) a maximum across the line A B. 


If P= O, tan 2 ¢ is infinite, or ¢ = + = 


The upper sign gives P, = U and the lower P, = — U. Thus, 
as is well known, a shearing stress such as that figured, acting 
at the point A, is equivalent to a tension and compression of the 
same intensity per square inch acting across the two lines in- 
clined at 45° to Ax. 

If, then, P and U are both finite, the maximum tension will 


occur when ¢ is between z and = that is, sin 2% will be posi- 


tive and cos 2¢ negative. Therefore as 


Sin tan 2¢ 2U 
Va + tan? 2g) +4 0% 
Cos 2¢ 


Yr + tan? (PF +4 OF 


when those values are substituted in equation (2) the upper sign 
will refer to tension. 
Using these values of sin 2 ¢ and cos 2 ¢ in equation (2) we get 


=< [P+ 


Equation (4) reduces equation (3) to zero. 


| 
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We have, then, as an equivalent stress system to that figured, 


a maximum tension 


(P8440) +P 


and a maximum compression 
+ 4 U4) — P (6) 

2 
acting across two normal planes through A, which are at right 
angles to one another and inclined to Az at angles given by 
‘equation (4)—and no shearing stress across these planes. This 
tension and compression are called the principal stresses at the 
point 4; and the normal planes across which they act, the prin- 
cipal planes of stress. 

If B is the bending moment producing the tension P, and 7 
the torsional moment producing the shearing stress U, a being 
the diameter of the bar, we have within the elastic limit, 


32 


Pd Tm Ua. 


The principal tension may therefore be expressed by 
16 


or the principal ¢enxsion is of the same intensity as the shearing 
stress which would be produced by a torsional moment 


This is the usual formula for combining torsion and cross bend- 
ing, and 7, is commonly called the “equivalent turning moment.” 
But calculating the allowable stress on a shaft in this way en- 
tirely ignores the presence of the principal compression, which 
has a serious influence on the strength of the bar. 

For, repeating somewhat, if 7 = O, there is no shearing stress 
and consequently no principal compression at the lower side of 
the bar, while 


Pa: 
10 


and if B= O, T, = 7 and P= (0, and the principal tension and 
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compression are each equal to the shearing stress UV. In the first 
case we have, 

16 7, 

Principal compression = O. 


T=0O. Principal tension = P= 


In the second case, 
B=O. Principal tension =U = =F. the same expression as 
for T= O above. 
16 7, 


Principal compression =U = 


Now the amount of shearing stress which a square inch of 
wrought steel or wrought iron will stand at the elastic limit is 
only about seventy to eighty per cent. of the pull required to 
give it a sensible set; and, as the above shows, this lowering 
of strength is brought about by the compression applied at right 
angles to the direction of the line of tension and, no doubt partly 
also, if the material is zolotropic, by the direction of the prin- 
cipal planes of stress being changed. 

Thus, for a given value of 7,, the factor of safety in the second, 
would only be from seventy to eighty per cent. of its value in 
the first case. 

To determine the value of the ratio of shearing stress U at the 
elastic limit, to the tension P at the elastic limit, a considerable 
number of the published results of experiments on torsion, 
tension, and cross-bending have been examined. The results 
showed a range of the ratio U/P from considerably under 0.7 to. 
over 0.8, though it seemed probable that a large part of the vari- 
‘ation was due to imperfections in the experiments. Frequently 
this ratio has been taken as 0.8, but the experiments on the whole 
indicate that this value is decidedly too high. In this paper the 
ratio has been taken as‘0.7, which at most seems to be.a very 
few per cent. from the truth. It is improbable that the ratio is 
quite constant, especially for wrought iron, on account of its 
zolotropy. If the true value of this ratio is in any particular 
shaft higher than 0.7 it will have a greater factor of safety than 
is credited to it here. 
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It was intended to compile a table showing the values of the 
limiting elastic stresses and the elastic constants for various 
qualities of steel, but in most cases the data published was too 
meager; while, in others, the mode of experiment or values of 
some of the elastic constants deduced threw great doubt on the 
reliability of the experiments. 

I have not found any experiments on the value of 7, at the 
elastic limit for different values of B/7, though the information 
they would afford would be of great practical value. 

In what succeeds, instead of using equation (7), I have taken 


calling this the “ augmented equivalent turning moment” or, more 
shortly, the “augmented moment,” to distinguish it from the 
usual method of combining torsion or cross bending. Unless 
the contrary is expressly stated, it is to be understood that the 
shearing stresses have been augmented in this way. 

This expression for 7, does not in any way call in question 
the values of the principal stresses, and positions of the principal 
planes of stress given by equations (5), (6) and (4) respectively, 
but is merely an artifice for estimating more truly the value of 
the factor of safety for different values of the ratio B/7. 

For 7=0O, or for 8 =O, the same value of 7, gives the 
same factor of safety. No doubt this is very approximately true, 
also, over a considerable range of the ratio B/7; when either B or 
T produce the large proportion of the stress. When B and 7’ 
are near an equality it seems very probable that equation (8) 
will allow us to estimate the factor of safety much more truly 
than equation (7). The equation (8) can, however, only be 
looked on as tentative in the absence of the very simple experi- 
ments from which a practically true law for 7, could be easily 
deduced. 

If we are combining the tension Pand shearing stress U, the 
corresponding equation to (8) will, of course, be 


i 
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This may be called the “augmented stress’”’ at the point. 

Perhaps the simplest of the many ways of making the experi- 
ments on combination of torsion and cross bending would be to 
fix a cylindrical test piece in the machine and, on this as an axis, 
mount a grooved pulley round which a wire is wrapped for 
applying the test pull. By clamping the wheel to the bar at a 
properly chosen point, any value of the ratio of B/7'can be readily 
obtained, which would remain constant till the bar was sensibly 
bent; this, if proper proportions are chosen, need not be before 
the elastic limit is reached. To obtain the considerable number 
of bars required for one series of experiments, they might, in the 
case of the malleable metals, be cut longitudinally from the cir- 
cumference of a larger cylindrical forged bar. This would insure, 
as far as possible, if the forging is carefully conducted, the pro- 
duction of test pieces of the same material which had received 
the same treatment, and whose quantities were, therefore, com- 
parable. The behavior of the outer portions of round bars is, 
also, the most important case to investigate. 


Equation (4) shows that the angular positions of the principal 
planes of stress vary with each change in the ratio U/P; conse- 
quently, we would expect a very different law to result from 
experiments on the combination of cross bending and torsion, 
according as they were made on a very decidedly xolotropic 
substance or on one which was nearly isotropic. 


STRESSES DUE TO STEAM ALONE. 


It is convenient to consider first the stresses in the crank shaft 
which are caused by steam pressure alone. These are the 
stresses which would be produced if all the moving parts were 
massless, or if the engine ran so slowly at full power that the 
inertia of the moving parts were inappreciable. The stress 
produced at any point of the shaft varies during the revolution; 
and the different parts of the shaft, as for instance the aft main 
journal and the crank pin, come to their maximum stress at 
entirely different positions of the crank, as a rule— positions 
which depend largely on the distribution of steam in the cylin- 
ders. In the three-crank engines we are considering it will 
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become evident as we proceed that, at those points of the revo- 
lution at which steam alone would produce a maximum stress at 
any point of the shaft, the inertia of the parts would decrease 
this stress. Thus, this maximum is the limit beyond which the 
stress cannot rise in engines where the speed is kept below a 
limit which is definite in each particular case—a limit which will 
naturally appear in the second part of the investigation. 

When this limit of speed is exceeded, the steam and inertia: 
combine to produce a greater maximum stress than that due to: 
steam alone, but this occurs at a different part of the revolution 
from the previous maximum. The consideration of this second 
maximum we leave for the present. 

When below the limit of speed above referred to, it is safest to 
neglect entirely the alleviation of stress due to inertia, as the 
maximum limit of stress due to steam may always be somewhat 
nearly attained; especially if the engine is retarded under full 
steam, as may occur in any case. 

In all that follows, unless special exception is made, we shalb 
suppose the following :— 

(a) That the engines are of the inverted vertical type. 

(b) That the cylinders are in the order H.P., I.P., L.P., the 
L.P. being aft. 

(c) That the length of connecting rod, center to center, is four 
times the length of the crank radius. 

(a) and (b) avoid circumlocution. (b) has no influence on the 
steam stresses, if the indicator diagrams for the three cylinders 
are exactly the same; but having the L.P. aft is the worst case 
where inertia is considered. (c) is the worst proportion fre- 
quently used, and in no case is the connecting rod much shorter 
than this. 

Fig. II is the indicator card which has been taken as fairly 
representing what occurs in practice at full power. The com- 
pression has been omitted, as that is a very variable element 
which is almost always small at full power. If of only moderate 
amount its influence on the maximum stress, whether steam stress 
alone or steam and inertia stresses are being considered, is ex- 
ceedingly trifling. Its effect on the turning moment from any 


i 
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cylinder, is to diminish it just before the end of the stroke, where 
that turning moment is already inconsiderable. Its effect on the 
cross bending stresses near the aft end of the shaft is only sensi- 
ble in the case of the L.P. cylinder, in which the compression at 
full power is usually almost invisible. 


No compression. 


Standard Indicator Diag ram. 


From this indicator card in each cylinder, the maximum total 
force on the three piston rods being the same, the turning 
moment curves in Fig. III have been deduced. The base AB 
is the crank pin path expanded. The ordinates of the full curve 
give the sum of the turning moments from the three cylinders, 
The dot-and-dash line curve is that from the H.P. and I.P. 
together, while the dotted line gives the sum of the H.P., LP., 
and one-half of the L.P. turning moments. 

Ten divisions of the end scale represent the moment which 
would be produced by the maximum force on the piston rod 
multiplied by the stroke (= F’,, 5). 

AB represents one revolution beginning and ending when the 
L.P. is at top stroke. The whole length AB is divided by ordi- 
nates into forty equal parts, each of which thus represents 9° of 
the crank circle. 

We have now to estimate the bending moments. This has 
been done on the supposition that no bending moment is trans- 
mitted through the section +z, Fig. IV, from the crank shaft to 
the line shafting. If there is a bearing in the line shafting near 
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the aft L.P. bearing A, and in line with the crank shaft bearings, 
the bending moments in the crank shaft will be less than for zero 
bending moment at +z; but a little want of alignment of this line 
shaft bearing would at once realize the case supposed. Again, 
the four bearings A, B, C, D, are supposed equally spaced 
center to center, and the cylinder centers £, F, G, equally spaced 
between the centers of the main bearings. The crank shaft is 
cut off forward of D. 

It can be verified by calculation from the dimensions of the 
crank shafts which will be deduced that, when the bearings are 
in line, the parts where the heaviest stresses are produced, are: 
st. In the aft L.P. journal where it joins the aft L.P. web. 2d. 
In the aft L.P. web. 3d. Inthe L.P. crank pin. That being the 
case, it is for these parts that the dimensions of the shafts must 
be determined. These are the points of greatest stress even 
when the bearings are somewhat out of line. But, as the forward 
L.P. web and forward L.P. main journal are farther from the aft 
main bearing, the increased reaction on which produces the 
additional bending moments on the parts of the L.P. crank when 
the shaft is out of line, the stresses on these parts rise more 
quickly than on those further aft. In what immediately succeeds, — 
no allowance is made for want of alignment, but the question 
will be carefully considered later. 

The exact problem of the elasticity of a crank shaft, such as 
is shown in Fig. IV, is of insuperable difficulty. To express 
even approximately the influence of the webs introduces con- 
siderable complications. The general effect is, for most practical 
cases, to diminish the stiffness of each span between the main 
bearings, from what it would be for a straight bar in which the 
length occupied by the webs is replaced by a piece of the same 
diameter as the main journals. For those shafts in which the 
stroke is long compared with the span of the main bearings 
(F,, small) this diminution of stiffness is very marked, but this 
effect of the webs rapidly diminishes as the diameter of shaft and 
span of main bearings has to be increased through increased force 
on the piston rod. It is not more than a few per cent. in error to 
calculate the reaction on the aft main bearing from the simpler 
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case of an originally straight uniform bar resting on four points, 
as shown in Fig. VI. 

No doubt this supposition gives the arm for the maximum 
bending moments a value slightly in excess of the truth. 

In Fig. VI, let /,, F;, 73, be the variable downward pressures at 
G, Fand £; that is, the variable pressures on the H.P., I.P. and 
L.P. piston rods, the same letters having the same meanings in 
Figs. IV and VI. All forces are reckoned positive when they 
act downwards on the shaft, and bending moments are positive 
when the upper fibers of the shaft are in tension. 

Take B, and B&, as the bending moments induced by these 
forces at B and C, and let the bending moments at A and B be 
zero; also suppose bearings A, B, C and D, as in line. 

Let / be the reaction of the aft bearing point A. 

Now it is known that for /, acting alone we have* 


B,t+48.=3 4. 


4B,+ B, = O. 
B, = — $F, 4, or = — 0.025 Fb; (10) 
and 15 B,=3F,4, or B, = 0.1 4. 
If F, acts alone 
ayy 
- and B, = B,=0.075 F, b. 
Similarly, if /, acts alone, we get 
B,=0.1 F; 4, (12) 
B, = — 0.025 2) 


Thus, if all three forces act together, we get from equations 
(10), (11) and (12) 
B, = (— 0.025 F, + 0.075 + 0.1 4, \ (1 
= (0.1 + 0.075 — 0.025 F,) 3) 
To estimate the reaction f at A we have, taking the moments 
acting on the span A # about the point B, 


fo+ Fo =B, =(—0025 F, +0075 F, +01 


or . . (14) 


* See “A Treatise on the Mathematical Theory of Elasticity,’ by A. E. H. 
Love, M. A., Cambridge: at the University Press, Vol. II, p. 39. 
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This is the equation from which the curves of reaction on the 
aft bearing, shown in Fig. VII, have been drawn. 

As in Fig. III, A B is the crank path expanded, the L.P. crank 
being at top center at A and B, and ordinates are drawn for every 
9° of the crank circle. 

The reaction at the aft bearing will depend on the order of 
cranks; that is, on the direction in which the engine is running 
for the crank shaft under consideration. 

The value of / is thus laid off on both sides of AB, one set of 
curves referring to one order of cranks, and the other set to the 
other, as marked. As the L.P. engine is the principal factor in 
producing this reaction, the value of / is negative on the down 
stroke and positive on the up stroke, except at the very ends, 
for both orders of cranks. 

The dotted line gives the reaction due to the L.P. engine alone, 
the dot-and-dash line that due to the L.P. and I.P., and the full 
line that due to all three engines. 

Ten divisions of the end scale give the value of ’,,. 

After the whole work was practically completed, a new investi- 
gation of the distribution of pressure on the bearings was made 
which took almost exact account of the influence of the webs. 
When applied to the shafts given by Fig. VIII, it was found 
that the differences it would have made in Fig. VII were entirely 
unimportant. Obviously the maximum differences occur when 
F,,= 10. In this case the reaction 4, when a maximum, was 
reduced about 2}$ per cent. The simpler investigation was 
therefore retained. 

The torsional yield of the crank pins and the bending of the 
webs in a transverse plane, under the action of the turning 
moments induced in these parts, increases the elasticity of the 
shaft. The effect on / is to reduce slightly the influence of F, 
and F,, and increase that of 7, in equation (14), the changes 
depending somewhat on the point of the revolution considered. 
It will be found as we proceed that the stress in the shaft is usually 
a maximum when the L.P. crank is at or near one of the dead 
centers, and at these positions the total change of f produced by 
the above action of the turning moments is negligible. 


= 
ft 
ts, 
at 
nd 
in 
ey 
ve 
se — 
be 
1 
0) 
I) | 
2) | 
| 
ns 
3) 
its 
4) 
H. 
) 


684 ON CRANK SHAFTS. 


Any other distribution of bearings and cylinder centers would 
not have led to a sensibly better result than that shown in Fig. 
VII. At first sight it would appear that putting two bearings 
between each crank, as so often has to be done, would reduce the 
bending moments on the L.P. span; but here again the slightest 
want of alignment, even the running clearance, would reduce the 
two cases to an equality. The position of the H.P. engine and 
bearing D have only a very small influence on 

When F, is positive and /, is negative they both produce a 
positive value of f, and vice versa; and at those points of the revolu- 
tion for which a maximum stress occurs, F, and F, are of opposite 
sign. As shifting forward the center F and bearing C will obvi- 
ously diminish the influence of 7, and increase that of /;, on /, 
the total change of f will thus be the difference of these two 
changes and will be small. 

We may then, with ample accuracy, accept the reactions 
shown in Fig. VII for any ordinary distribution of cylinder 
centers and bearings. 

The horizontal forces from the connecting rod have not been 
taken into account in equation (14). In a single crank engine 
the greatest increase of bending moment, if the horizontal forces 
were taken account of, would of course be in the proportion of 

"the total force on the connecting rod to the total force on the pis- 
ton rod: that is (for a connecting rod which is four cranks in 
length) a maximum increase of about 3 per cent., which would 
not occur exactly at the points of the revolution for which the 
stresses in the shaft are a maximum. In the case we are con- 
sidering the effect on the bending moments would be much less 
even than this, and is therefore neglected. 

The forces and moments induced in the aft main journal, aft 
web, and L.P. crank pin are :— 


AFT MAIN JOURNAL. 


Turning moment.—This is given by the full line in Fig. III. 
Friction in the journals forward, which will diminish this turning 
moment slightly, is neglected. 
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Bending moment.—This is greatest where the journal meets the 
web. It is taken as / X A, / being the distance from the aft side 
of the web to the center of the journal A. 

Figs. III and VII at once show that the bending and turning 
moments will combine to produce a maximum stress in the main 
journal when the L.P. crank has passed top center by 36° to 40°. 
The bending moment at this point is somewhat greater for the 
order of cranks H.P., L.P., 1.P., than for the other. Asa reversal 
of the engine changes to the other order of cranks in the three- 
crank engine, the moments should always be measured for that 
order which gives the worst stress, even if one order is taken at 
one point and the other at another in calculating the same shaft. 

Shearing stress—There is also a total shearing stress distrib- 
uted in an ununiform manner over the section of the shaft. This 
shearing stress has a large effect in shifting circumferentially the 
point of maximum combined stress in the shafts about to be cal- 
culated, but its effect in raising that maximum is not in any case 
more than 3} percent. It is consequently neglected in calculat- 
ing the main journal diameters, though a uniform increase of one 
per cent. in these diameters would almost exactly make that 
allowance. As the distribution of shearing stress over the sec- 
tion of a circular shaft, solid or hollow, is of considerable import- 
ance in practical mechanics quite apart from its bearing on the 
present subject, the curves drawn for this investigation are given 
toward the end of the paper. 


AFT CRANK WEB. 


Turning moment.—The turning moment in the aft journal is 
transmitted from the aft web, and appears in the web as a trans- 
verse moment producing a cross bending strain in a transverse 
plane. The maximum tension and compression thus arising 
occur in the longitudinal surfaces of the web shown in projection 
in FQ and /’Q’, Fig. V. The intensity of stress in PQ and P’Q’ 
will increase as we pass from the crank pin to the journal, until a 
point is reached where the presence of the journal relieves the web 
from further increase. This is probably not far from the plane 
OR (at right angles to OL) as PQ and P’Q’ lie altogether out- 
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side the journal. In all calculations below, this point is taken 
as distant from OR by about one tenth of the crank radius. 
Consequently the turning moment is equal to that on the main 
journal less one-tenth of the difference of turning moment on 
the main journal and crank pin. This no doubt slightly over- 
estimates the moment for those crank shafts in which the main 
journal diameter is a large proportion of the crank radius, but 
the error is altogether unimportant. 

The moment given in Table I column ITI, line (d), is measured 
at C, Fig. III. 

Bending moment.—The reaction / from the aft bearing A pro- 
duces a bending moment. If the direction of f were ON, Fig. 
V, parallel to the connecting rod KZ, the value of this moment 
would be f“& cos ¢, where ¢ is the angle OLM between the 
connecting rod and crank, and & is the distance from the center 
of the bearing A to the center of the web. This moment will 
produce a maximum tension and compression in the forward 
and aft sides of the web. 

These two moments, as we shall see, are the only two factors in 
producing stress which we need take account of. As the first 
produces its maximum stress at the surfaces PQ and P’Q’, Fig. 
V, and the second on the forward and aft sides of the web, 
the maximum combined stress occurs along two diagonally 
opposite cdges of the webs. The stress comes to a maximum 
for the web a trifle earlier in the revolution than for the main 
journal; as, when the L.P. crank is about 36° past top stroke, 
the bending moment in the web is quickly diminishing on 
account of the increasing angle (diminishing value of cos ¢) 
between the connecting rod and crank. 

Examination of Fig. V will show that, because of friction and 
the reaction from the horizontal force of the intermediate con- 
necting rod on bearing A, the line of reaction ON will be turned 
round somewhat from the position shown, toward OZ; also, the 
want of equality in the distribution of power between the engines, 
may bring the maximum combined stress earlier in the revo- 
lution than is given by Figs. III and VII. Therefore the bend- 
ing moment /& cos ¢ when the total stress is a maximum, 
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instead of being about 0.71 /%, which is its value when 0 = 36°, 
has been taken as 0.9 f& to cover the possible change in the 
angle between the line of reaction / and center of crank web at 
time of maximum stress. 

The other stresses in the aft web are :— 

1st. A tension or compression arising from the reaction /, dis- 
tributed over the section of the web. This never raises the 
maximum stress, allowed below, more than 3} per cent., and is 
neglected. 

2d. A total shearing stress equal to f sin ¢ (supposing ON 
the direction of the reaction /) ununiformly distributed over each 
cross section of the web. As will be evident when we have 
considered the distribution of shearing stress over a circular 
section, it is zero at the surfaces PQ and ?’Q’, Fig. V, and con- 
sequently at the points of maximum combined stress for the 
turning and bending moments. As it is of low average intensity 
it will not have any effect on the position or intensity of that 
maximum. 

3d. A torsional moment /£ sin ¢ producing shearing stress. 
This stress is zero along the longitudinal edges of the webs, and 
is a maximum at the points on the surface midway between these 
edges. That is, Fig. IX being across section of the web, the 
shearing stress is zero at the angular points A, B,C, D. Itisa 
maximum at £ and F, the middle points of the long sides. There 
is a smaller maximum at G and H, the middle points of the short 
sides. It is remarkable that the combination of this shearing 
stress with the stresses due to turning and bending still leaves, 
in all cases calculated below, the maximum augmented stress at 
the angular points of the web. Consequently, this torsional 
moment has no influence whatever on the strength of the shafts. 
In the worst case for steam alone (¥,, = 100) when the shaft is 
in line, the maximum augmented shearing stress at & and F 
rises to about 23 per cent. of the maximum augmented stress 
allowed in the material. 

Various curves relating to the torsion of a rectangular prism, 
and the necessary explanations, are retained at the end of the 
paper, as the subject is of great importance. 
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CRANK PIN. 


Turning moment.—The turning moment transmitted across any 
section of the shaft is here considered positive when the tendency 
is to accelerate the motion of the part of the shaft aft of the 
section, in the direction of revolution of the engine. Of course 
the moment acts oppositely on the part of the shaft forward of 
the section—when positive, tends to retard it. 

Now consider the forces acting on the shaft between the sec- 
tion rx, Fig. IV, and a section at A—the center of the L.P. 
engine. Take moments about Z, Fig. VI, the center of the L.P. 
crank pin. 

ist. There is a positive moment, given by the full line Fig. III, 
transmitted across +x. 

2d. The reaction /, if acting along ON, Fig. V, parallel to XZ, 
will produce a moment at Z equal tof X OL sing. As Fig. V 
is drawn, f acts upwards on the shaft, and this moment tends to 
accelerate the parts forward of £. It is, therefore, negative dur- 
ing the L.P. down stroke. Similarly it is negative on the 
upstroke. 

3d. The action of the connecting rod on the pin aft of Z pro- 
duces no moment about Z, except an unimportant frictional one. 

4th. The only other moment is the one we wish to measure, 
acting at Z; and it is thus seen to be equal to the whole moment 
from the three engines, diminished by f x OZsin g. As/, when 
large, does not differ much from /,/2, and as the L.P. turning 
moment is very nearly 7, < OZ sin ¢g, the total moment on the 
crank pin is approximately the sum of the H.P. and I.P. turning 
moments together with half the L.P. turning moment. The 
dotted line, Fig. III, was thus drawn to indicate roughly where 
the maximum stress would come. 

Bending moment.—lIf the pressure on the crank pin and main 
journal were concentrated at £ and A, the value of this bending 
moment would be f x 4/2. But the-distribution of pressure on 
the crank pin reduces this from 10 to 12. per cent. when every- 
thing is in proper adjustment. There is an allowance explained 
below which again increases this moment. 

At the center of the pin there is no shear of any importance. 
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An inspection of Figs. III and VII shows that the maximum 
stress in the crank pin occurs when the L.P. crank is at bottom 
center. Just before that point the turning moment is a little 
larger, but the bending moment is much smaller. The reaction 
J produces no sensible effect on the turning moment; especially 
as, at this part of the revolution, friction and the horizontal 
forces from the I.P. connecting rod affect ON, the line of re- 
action of /, oppositely. 

In Table I is given the deduction of the values of the various 
moments showing all the allowances which have been made. 

Line (d) gives the values of the moments from Figs. III and 
VII, taken at the points indicated above. In column VI the 
value is that of f 4/2. 

Line (e). In every engine there is a fall of pressure between 
the boiler and H.P. initial pressure. A further loss takes place 
between each cylinder, and between the L.P. cylinder and con- 
denser, the latter having always a finite pressure. All these 
losses of pressure go to reduce the moments in line (d). The 
total loss is taken as 10 per cent. of the absolute boiler pressure, 
which is less than almost ever occurs at full power. 

Line (f). The supposition made at the beginning of the paper 
was, that there was a fairly equal distribution of power among 
the three cranks. This condition may be held to cover the case 
of any one of the engines giving 10 per cent. more power than 
it would do when the distribution is exactly equal. If this 
increase of power is in the L.P., all bending moments would be 
increased about Io per cent. 

It has also been supposed in Table I that the increase of power 
in the L.P. is altogether at the expense of one of the other cylin- 
ders—the H.P. for order of cranks H.P., L.P., 1.P. Thus, at the 
point of maximum stress for the aft journal and crank web, the 
sum of the turning moments from the H.P. and I.P. is not sensi- 
bly decreased, since that from the former is then very small ; 
and 10 per cent. increase of the L.P. turning moment will raise 
the ordinates of the full line curve, Fig, III, from 4 to 6 per cent. 
near ordinate 4. Thus 1.06 is the multiplier in columns I and 
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III. Indeed this figure would hardly be reached without some 
increase of power in the I.P. also. 

The case supposed would increase the bending moments in 
the crank pin at bottom center 10 per cent., but would slightly 
decrease the turning moments. This decrease has been neg- 
lected and no multiplier appears on this line in column V._ If 
the increase of power had taken place in one of the other cyl- 
inders, but not at the expense of the L.P., the case would have 
been a trifle worse than that supposed for the L.P. crank pin. 
The greatest incrcase over the stresses due to the moments in 
Table I would in this case occur when F,, = 10, and even here 
it would only have been about 4 per cent. 

Some cases of very bad distribution of steam will be discussed 
later, when it will be found that in no case at all likely to occur, 
is the stress much increased above that due to the moments in 
Table I. 

Line (g). It was impossible to anticipate what increase of 
bending moment would have to be allowed in any particular 
case fora given want of alignment, until the dimensions of the 
shaft were known. Judging from Mr. Milton’s excellent papers 
on crank shafts,* the allowance required is large, but the diffi- 
culty of making it is increased by the fact that in two similar 
engines (that is, for a given value of F,,) the proportionate in- 
crease of bending moment required is greater in the smaller than 
in the larger engine. For if we consider two similar engines, 
one of 10 and one of 20 inches stroke, the proposition with 
regard to similar engines at once shows that a want of align- 
ment in the aft main bearing which in the small engine amounts 
to zh, of an inch, produces the same increase of stress in, say, 
the crank pin, as an error of alignment of ;4, of an inch in the 
larger engine. Accuracy of workmanship does not follow the 
same law. Indeed,a good workman would align the 20, almost 
as truly as the 10 inch stroke engine. Again, every shaft may 
be considered out of line to the extent of its running clearance, 
but this quantity in the larger engine would by no means be 
twice that in the smaller. The most satisfactory course, then, 


* See 7ransactions of the Institution of Naval Architects, Vols. XX and XXII. 


| 


i 
— 
4 
| 
— 
| 
| 
— 
| 
x 


692 ON CRANK SHAFTS. 


seems to be to calculate the dimensions of the shaft for the 
bearings in line—afterwards investigate what change of stress 
is produced by a given want of alignment—then deduce the 
change of shaft dimensions, if any are required. 

Imperfect bedding of the shaft, or undue cutting of the brass 
from heating or other causes, may shift the center of pressure 
fore and aft and thus increase the arm of the bending moment- 
The factors in line (g) are introduced to cover this slight effect. 
The increase in columns II and IV is Io per cent., and, in column 
VI, actually about 15 per cent.; for it will be remembered, the 
moment in line (d) column VI is overestimated fully 10 per cent- 
The greater value is given in this case, as the distribution of 
pressure on the crank pin brass may add to the increase of 
moment. 

Line (h). This increase of the shearing stress is fully explained 
above. 

Line (k). Where the round parts of the shaft meet the webs, 
the presence of the large and consequently rigid mass of metal 
has some influence on the distribution of stress. Its exact in- 
fluence would be extremely difficult even to approximate to by 
calculation, and experiments on the subject seem hardly to exist. 
If there is no fillet at the junction, the maximum stress due to 
cross bending or a simple longitudinal pull of the round part 
of the shaft is very seriously raised, while the presence of a 
moderate fillet largely prevents this rise. Every one knows how 
essential is the fillet under the head of a bolt. Some experi- 
ments by Mr. David Kirkaldy,* show that, in a round bar one 
part of which is one square inch and another two square inches 
in section, the presence of a small fillet may obviate local rise of 
stress altogether when the bar is pulled asunder; though no 
certain conclusion could be drawn from the small number of 
experiments published. The result might be somewhat different 
where a round shaft joins a large slab of metal such as the crank 
web. 


* See ‘* Strength and Properties of Materials,’ by W. G. Kirkaldy, London; Sam- 
son Low, Marston, Searle and Rivington, Lid. Also see “ Engineering,” Vol. XI, 
page 261, for experiments by Wdbler on similar bars. 
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The allowance made in column II is 10 per cent. That this 
increase of maximum stress ascribes very considerable influence 
to change of section, will be obvious if we remember that the 
total moment in the section cannot be affected—being equal to 
the force on the main journal acting at a definite leverage. 
Therefore, the rise of maximum stress, which occurs in the outer 
fibers farthest from the neutral axis of the section, involves a 
fall of stress in the parts nearer the neutral axis. 

For torsion the stresses would also be raised, as the outlying 
masses of metal in the web would tie more rigidly the outer 
than the inner portions of the round part at the junction. The 
influence would, no doubt, be much less than in the case of cross 
bending and, consequently, a smaller multiplier has been inserted 
in column I. The shear due to torsion in the webs, mentioned 
above, has only an unimportant influence on the shear in the 
round parts of the shaft. 

It is more difficult to tell what is the influence of the change 
of section on the stresses in the web. Consequently, to meet 
any possible rise at the edges where the maximum stress occurs, 
the multipliers in Columns III and IV were inserted. I think, 
however, that we may safely conclude that, for the cross bending 
stresses, the presence of the main journal would somewhat in- 
crease the stress near /, Fig. IX; and consequently rather 
reduce it at C and D—since again the total moment is not 
affected—while its influence on the side AB would be inappreci- 
able. Similarly, the stresses at C and D, due to turning 
moment, are probably lowered slightly, and the stresses at A and 
B unaffected. We may conclude then, that the stress in the 
webs is overestimated by I0 per cent. 

The maximum stress in the crank pin occurs at the center, 
usually. If the influence of change of section is that assumed, 
the stress at the aft end of the pin is very slightly higher than 
at the center for the lower values of F,,, but the difference is 
practically nothing. Thus in columns V and VI there are no 
multipliers in line (k). 

By using the multipliers in lines (e) to (k), the moments given 
in line (d) are changed into those in line (I). 
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Each of these multipliers makes an allowance for a factor 
which is always present, and affects the strength and life of the 
shaft. They affect the moments so that the ratios of those in 
line (d) are different from that of those in line (1) (if it were not 
so they would have no influence on the final result); and the 
determination of constants and subsequent calculation of shafts 
given in Fig. VIII, by means of the values in line (1), is no doubt 
much better than by using the values in line (d). 

The total pressures on the crank pin and aft main journal, 
with multipliers similar to those in Table I, are given in Table II. 
The measurements from Fig. VII are for the order of cranks 
H.P., I.P. and L.P. 


TABLE Ii1.—TOTAL PRESSURES ON CRANK PIN AND AFT MAIN JOURNAL. 


Line. | Il. 


(a) | Part of shaft Crank pin. | Aft main bearing. 

| Point of revolution at which pressure is meas- | L P. crank at top or bottom 
ured, center. 

Value of total pressure from Figs. II and VII. | Fin .482 Fin 

+  { Ten per cent. loss from boiler pressure 

9 

I 

I 


it 
J 


| 
| 
| 


3S I 
= Increase for errors of adjustment I. 
Value of total pressure taken in calculation...) .99 Fin 525 Fin 


The pressures in Table II are for a stroke of one inch. The total pressures for 
stroke s will be got by changing F,, into F’,,—that is, multiplying by s?. 


Table III gives the data for deducing the constants to be used 
in the calculations. The ten engines used had all successfully 
passed their trials and many had been a long time in commission 
at the time the investigation was begun. They are ail triple 
expansion engines with three cranks at 120°. 

In column VI the lengths given are those of the aft L.P. 
main bearing, except in line (a) where the lengths of both the 
forward H.P. and aft L.P. main bearings are given, as noted. 

In column XIII, in those cases where the forward and aft L P. 
main bearings are of different lengths, the dimension given as 
the span of the main bearings is the sum of the clear distance 
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between the brasses plus the length of the aft bearing. This is, 
probably, fairer than taking the distance center to center where 
the forward bearing is the longer. 

In Table IV is given the force ¥,, on the piston rod of a simi- 
lar engine of one inch stroke; the stresses (augmented where 
shearing stress is present) in the metal of the aft main journal, 
crank pin and web; and the nominal surface pressures on the 
aft main bearing and crank pin. For the main journal this 
number is attained in the usual way, by dividing the total force 
on the journal by the product of the diameter of journal and 
length of brass. For the crank pin, the length between the 
crank webs was taken instead of the length of brass; this makes 
no material difference in the result. All these values are, of 
course, deduced from Table III by means of Tables I and II. 

Table V gives the average and maximum values of stresses 
from Table IV. The last line of the former gives the constants 
which have been used in calculating the crank shafts represented 
by the curves Fig. VIII. These values in all cases lie between 
the average and maximum values given by the two previous 
lines of the table. 


TABLE W.—AVERAGE AND MAXIMUM STRESSES FROM TABLE IV, AND 
THOSE USED IN CALCULATIONS. 
Line. Column. II. Ill. IV. V. 
|. Paxt-of 5.000 main |crankpin. Aft web.| main 
journal, | bearing. 
Augmented stress in metal. | Surface pressures. 
(c) Average values, - from | 
11,009 | 11,080 | 10,990*| 210 421 
(d) , Maximum values, from 
12,760 | 13,723 | 12,522 257 496 
(e) | Values adopted in calcu- 
11,500 11,500 11,500 220 440 


* The figures for built cranks in Table IV are excluded in striking this average. 


These values are all in pounds per square inch. 


The three following assumptions were made to make the cal- 
culations definite :— 
ist. That holes of one half the diameter of the corresponding 
parts were bored axially through the main journal and crank pin. 
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2d. That the breadth of the crank web is 10 per cent. greater 
than the diameter of the crank pin. 

3d. That the clearance between the main bearing brass and 
the crank web is 5 per cent. of the main journal diameter. 

The various dimensions of the shafts were calculated by trial 
and error. But it would be most tedious for the reader, and is 
unnecessary, to follow the work in detail or describe its arrange- 
ment. 

As already explained, in Fig. VIII the horizontal scale is the 
value of /,,—the maximum force in pounds on the piston rod for 
a similar engine of one inch stroke. Each of the full line curves 
gives by its ordinate, read on the vertical scale, the dimension 
of the part noted at the end of the curve. This value, when 
multiplied by the actual stroke in inches, gives the dimension 
for the stroke s. The dotted curves will be explained in con- 
nection with the question of want of alignment of the bearings. 

The curves are calculated from F,, = 10 to /,, = 100, which 
fully covers the limits of practice. 

An example will clearly illustrate the use of the curves. 
Example I. Engine cylinders = 26 inches, 40 inches, 60 inches, 

Stroke = 30 inches. 
Boiler pressure = 160 pounds per square inch. 
From equation (1) 


en z (160 + 15) 


i I 
4X 30° 


= 64.11. 


We at once have the following results from Fig. VIII. 


om 
Part of Shaft. | 

| X stroke (= 30/7). 


Main journal, Giameter,.....0...2.00scssecereceess -345 inch. | 10.35 inches. 

length of bearing................ 444 inch. | 13.32 inches. 

length between webs............... -413 inch. 12.39 inches. 

Weld, -385 inch. 11.55 inches. 

.255 inch. 7.65 inches. 

Span of main bearings center to center...... 1.402 inches, 42.06 inches, 

Clear distance between bearings............... .958 inch. 28.74 inches. 
Clear distance between web and main bear- 

Img 017 + inch, -52 inch. 


i 
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The curve giving the clear distance between the bearings is 
added to prevent confusion as to the meaning of “ Span of main 
bearings center to center.” This is really, as explained already, 
the actual distance from center to center on the supposition that 
the forward L.P. bearing has the same length as the after one. 

Before treating the question of the want of alignment, let us 
examine the effect which very bad distribution of power among 
the three cylinders has on the stresses in the various parts of the 
shaft. 

Increase of pressure in the L.P. receiver is the most common 
way in which inequality of steam distribution occurs at full power. 
It is also, in nearly all cases, the severest in straining the crank 
shaft. In Fig. III, if the L.P. power is increased, it is the first 
of the three maxima in the full line curve which is raised to form 
the principal maximum. Near that part of the revolution the 
reaction of the aft journal, and consequently the L.P. bending 
moment, is large; and is increased in a large ratio by the change 
in the distribution of power. 

If the same increase of power occurs, instead, in one of the 
other cylinders, the total turning moment is affected in the same 
way, but it is one of the other two maxima which is then raised 
highest. About these maxima the L.P. bending moments are 
less important and are little affected by the change of steam dis- 
tribution just supposed. 

To be definite, let us take the very worst case which deserves 
any consideration. Suppose one cylinder to be doing half, 
another one-third, and the last one-sixth, of the total work. This 
is somewhat worse than the distribution in the Cas¢ine's engines 
at the full power trial. If we take the large power to be in the 
L.P., and the small power in the H.P., we may find the total turn- 
ing moment approximately by adding 50 per cent. to the L.P. 
turning moment, Fig. III, and deducting 50 per cent. from that 
of the H.P. This procedure, though not correct, is quite near 
enough for our present purpose. We may similarly treat Fig. 
VII, and the same process may be applied when any of the other 
cylinders are giving excess of power. 

After the curves in Figs. II] and VII had been thus altered, 
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the moments were measured where maximum stress occurred, 
as in line (d) Table I, and similar tables constructed for each 
case, applying the same multipliers, except that line (f) was 


omitted, as the curves had been altered and the new tables con- 


structed on definite assumptions as to the inequality of the steam 
stresses. The new moments were then applied to the shafts 
given by Fig. VIII, and the stresses calculated. 

For brevity, only the results are shown in Table VI. 

The order of cranks is H.P., L.P., I.P., as this gives rather 
larger bending moments than the reverse order. 

Six such assumptions as to inequality of power in the three 
cylinders can be made, of which Table VI only gives three, viz: 
(a), (b) and (c); but a little consideration will show that the three 
not given would give smaller maxima than are given for the 
various parts, in Table VI. 

Aft L.P. Main Journal.—The figures are given only for the 
case where the L.P. power is in excess—assumption (a)—as 
assumptions (b) and (c) would obviously give lower maxima. 
For all values of F,, the rise of stress over that given by Table I 
is nearly the same. It is not large and, as this part of the shaft 
is much less affected by want of alignment than the parts of the 
L.P. crank further forward, we need make no change on this 
account. 

Aft L.P. Web.—Only the figures for assumption (a) are given, 
for the same reason as has just been noted above. The maxi- 
mum stress cannot occur till the L.P. crank is about 36° past 
top center. The crank and connecting rod are then at a greater 
angle than when in the position taken in Table I. This largely 
accounts for the rise of stress being comparatively small. We 
must recollect that the stress in the webs has been estimated 
fully 10 per cent. too high, from an allowance for change of 
section (line (k), columns III and IV, Table I) being made, which 

was scarcely justifiable. To prevent confusion, this allowance 
was retained in constructing Table VI. Therefore, the figures 
1.109, 1.096, 1.089, for the aft L.P. web, should be divided by 1.1. 
This reduces them to 1.008, 0.996, 0.990, respectively. Thus, at 
worst, the stress is just raised above the 11,500 pounds per square 
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inch allowed originally. No change therefore is required on 
this account in the shafts given by Fig. VIII. 

L.P. Crank Pin.—The greatest rise of stress occurs here for 
assumption (c) and F,, = 10. This distribution of power—where 
the work done by the L.P. is very small—can hardly occur at 
full power, and I have no recollection of ever meeting it. When 
the valve gear is in full gear and the power is reduced by throt- 
tling, or by cutting off early in the H.P. alone, the large propor- 
tion of the work can readily be thrown on the H.P. crank, due 
to the lowering of the I.P. receiver pressure; but then the whole 
turning moment curve is lowered, and the crank shaft relieved 
| from stress. We may then, I think, safely assume that to credit 
only one sixth of the whole work, at full power, to the L.P. 
crank, is a somewhat worse condition than will occur in practice 
. or need be allowed for here. 

The value for assumption (a), /, = 100, is 1.083, but here 
again rise of stress is less rapid for want of alignment than in the 
forward L.P. web and main journal, and consequently a slight 
excess of stress in the pin may be allowed when the shaft is in 


line. 

Forward L.P. Web.—If we reject assumption (c) as worse than 
will occur in practice, and divide the figures in this column by 
1.1, we find in all cases the stress falling below the 11,500 pounds 
per square inch allowed for the maximum. 

Forward L.P. Main Journal—Here the stress rises to 11,500 
pounds per square inch only in one case if assumption (c) is 


rejected. 

On the whole then, we find that in no case is the maximum 
stress much raised by any bad distribution of power which will 
occur in reasonable practice, and that the parts most affected 
by want of alignment do not rise above the allowed maximum. 

Assumption (a) raises the pressure on the L.P. crank pin to 
600 pounds per square inch, and that on the main bearing to 
282, multipliers being used as in Table II, except line (e). 


Now we have to consider what effect want of alignment in the 
bearings has in increasing the stress in the shaft. 
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We have already seen that, when the shaft is in line, definite 
forces acting on the piston rod induce definite reactions from the 
main bearings. When the shaft is out of line, in addition to these 
first reactions there is a second set superimposed on them which 
depend on the elasticity of the shaft and the particular derange- 
ment of the bearings which may exist. These new reactions 
cause changes in the bending moments at each point of the shaft, 
and also in the turning moments of the crank pins and those 
parts of the webs lying outside the center line of the shaft. When 
the bearings are in line we get the portions of the shaft between 
the two aft bearings A and B, Fig. IV, most heavily stressed; 
consequently, those derangements of alignment of the bearings 
which most quickly add to the stress in this section of the shaft 
will most readily produce fracture. 

If there is no bending moment at +2, Fig. IV, as has been 
assumed, want of alignment can only stress the shaft between 
A and B by affecting the reaction at the aft bearing A. The whole 
question, then, narrows itself down to this:—How much reaction 
will be induced at A by a given want of alignment of the bear- 
ings? I will give the answer to this question here, relegating 
its deduction to the end of the paper. 

Let /, m, n, ~, be the heights of the center line of the shaft at 
the points A, B, C, D, Figs. 1V and VI, above a fixed straight 
base line, not shown. If instead of the actual shaft, Fig. IV, we 
have an originally straight bar, of diameter a, supported at points 
A, B, C, D,as in Fig. VI, then the reaction at A, due to want of 
alignment alone, is 


__ 0.589 X 10° X at 


(44—9m+6n—p). . . (15) 


So long, then, as the factor 4/ — 9m + 6n — 7 retains the same 
value, the effect in stressing the aft portion of the shaft will be 
the same, no matter what the individual values of 1, m, n, p, are. 
If the bearings are in line 7 — m = m — n = n — p, and the factor 
becomes zero, as it ought. We also see at.once the relative im- 
portance of a given want of alignment in each bearing. Thus 
ros inch vertical shift in bearing B would be as important as 
a¢ry inch in bearing A, or g%55 inch in bearing C, and so on. 
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The expression (15), however, takes no account of the effect 
of the webs on the elasticity of the shaft, which is in most cases 
considerable. This may be approximately allowed for as fol- 
lows. Suppose we cut off the crank shaft just forward of bear- 
ing B and aft of bearing A, Fig. IV, and let the connecting rod 
of the L.P. engine apply vertically, say, one pound to the crank 
pin when the crank is at top center. The shaft will be bent 
symmetrically about the center line of the L.P engine; and, 
supposing the pressures distributed equally over all bearing 
surfaces, we can readily calculate the angle at the center of the 
bearings A or B to which the center line of the shaft is deflected 
from its unstrained position. Now remove the webs, replacing 
them by circular parts of the same diameter as the main journals, 
and bring down the crank pin to the center of the shaft to make 
this new bar continuous. Again calculate the angle at A and B 
for one pound push on the crank pin. The ratio of the first to’ 
the second angle just calculated will give a factor representing 
approximately the increased elasticity of shaft produced by the 
webs. As increase of flexibility will decrease the reaction at A 
for a given value of 4/— gm + 6x — f, the expression (15) must 
be divided by the factor for the influence of the webs. In all 
figures given below the influence of the webs has been allowed 
for in this way.* 

The point of the revolution at which the maximum stress will 
now occur will not be shifted from that found for the bearings in 
line in those parts of the shaft lying along the center line. For 


*As before stated, after the work was practically complete, a new investigation of 
the distribution of pressure on the bearings was made which took more exact account 
of the influence of the webs. In the case of the bearings 4, Cand D in line, but & 
out of line, the pressure on 4, then found, was in excess of the figures given by the. 
earlier method by the following percentages : 


Fy,= 10, 10.7 per cent. 
Fn= 20, 8.9 per cent. 
60, §.3 per cent. 
Fm = 100, 2.1 per cent. 
If the effect of the turning moments in straining the crank pins and webs, referred 


to earlier, were taken account of, the whole value of expression (15) would be 
lowered a little, and thus in using it we err on the safe side. 
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the new bending moments due to want of alignment, merely 
form a constant addition to those previously found for the shaft 
in line, while the turning moments are not interfered with. Let 
us examine what happens in the case of the crank pin and, for 
simplicity, let us neglect the running clearance of the bearings. 
Suppose the bearing A, Fig. IV, to be slightly raised from its 
proper position, while the other three bearings remain in line. 
When steam is off, a downward reaction on the shaft will still 
exist at A due to the want of alignment. When under full 
steam the reaction at A for the L.P. at bottom center, instead 
of being DZ, Fig. VII, as we found for the shaft in line, will 
be increased to, say, DF. All the reactions on the up stroke 
will be increased and those on the down stroke diminished by 
the amount ZF. Thus at 36° past top center, the reaction in- 
stead of being GH, will be GX. In Fig. III the turning 
moment in the aft journal is given by the full line, and that on 
the crank pin with the shaft in line approximately by the dotted 
line. As we have seen, the difference of those two is due to the 
reaction at A. Error in the alignment of the bearings which 
will diminish this reaction will increase the turning moment in 
the crank pin and vice versa. Thus at 36° past top center, when 
the reaction is diminished to GK, Fig. VII, the crank pin turn- 
ing moment will be increased from GH to about GK, Fig. III. 
If bearing B is shifted so far that the reaction GH is reduced to 
zero, the crank pin turning moment will increase to GZ, and so on. 

At bottom center the reaction at A does not affect the crank 
pin turning moment, which therefore retains its constant value 
DE, Fig. III. Thus, at bottom center, increase of reaction at A 
will always increase the stress on the crank pin, while at G 
any increase of stress will be due to increase of turning and 
decrease of bending moments, till the error of alignment actually 
reverses the pressure on bearing A at point G, when a further 
shift of bearing B will make both bending and turning moments 
at G increase. JD is the position for maximum stress for the 
crank pin and forward web when the bearings are in line, and 
it will be found, as might be expected from what has just been 
said, that the maximum for these parts still occurs at this point 
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until the reaction at D is very largely increased due to error of 
the bearings. When /, =10—that is, when the bending 
moments are least important—the stress in the crank pin at point 
G would not be so great as at D, till the total reaction on bearing 
A at point D had become three times DE. The pressure on 
A would then always be in one direction and would vary 
between about 440 + 220 = 660 pounds per square inch at point 
D, and 440 — 220 = 220 pounds per square inch at point A. 
The pressure on bearing B, unless the brass was very long, would 
be much more intense even than this and, although the distri- 
bution of pressure over the bearings were good, it would not be 
possible to make them run cool. So we need only consider the 
effect of want of alignment on the crank pin when it is at point 
D. For the forward L.P. web, the error of the bearings would 
have to be even greater to make the maximum at G greater than 
at D. 

When the shaft is in line, we have seen that the aft web is 
most heavily stressed near the main journal. With the shaft out 
of line so far that there is no reaction at bearing A, there will of 
course be no bending moment on the aft web, and the turning 
moment it transmits will no longer be smaller at the crank pin 
than at the main journal end. Thus the stress all over the web 
will be the same. From this it at once follows that the stress in 
the web varies more quickly for a given want of alignment at the 
crank pin than at the main journal end; and, when the reaction 
at A is actually reversed through error in the bearings, the former 
point will be the more heavily stressed. But it has not been 
considered necessary to give, in Table VII, figures for more than 
the inner end; as, when the shaft is considerably out of line, the 
L.P. forward web is the more heavily stressed of the two. 

Table VII exhibits the effect of the bearing B being out of 
line by zs Of an inch, when the engine is reduced to a similar 
one of one inch stroke. This, of course, corresponds to a want 
of alignment of # in a 20-inch stroke engine of 
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In expression (15) we have /=2” = p=0, and m= 0.001. 


(15) then becomes 

Before entering the results in Table VII, line (a), they have 
been divided by the factor for the influence of the webs, explained 
above, and by the area of the journal from Fig. VIII. Line (a), 
then, gives the actual increase of reaction at bearing A per square 
inch supposing it uniformly distributed. 

By adding this new reaction at A to that already found for the 
shaft in line we may find the bending and turning moments now 
induced in the various parts of the shaft, and thus calculate the 
maximum stress. 


TABLE VII,—EFFECT OF BEARING & BEING 0.001 INCH OUT OF LINE. 


Other bearings supposed in line. Stroke of engine =1 inch, 


& Fm. 10 | 20 | 40 | 60 80 100 
pa | | | | 
(a) | Increased reaction at bearing 4.| 560 | 345| 203| 148 117 98 
(b); f Aft L.P. main journal... 1,090) 1,033} 936) 876 827 789 
(c)| Aft L.P. 2.987 | 2.§09| 2,085 | 1,563 1.430 
(d)| | 4.313 | 3.710 3,044 2,681 2,424 2.231 
(e)| Forward L P. web.......) 9.454) 7,887) 6,330) 5,456 4,870| 4.442 
(f)| 22 | Forward L.P. main | | 

7,350} 6,318| 5,227| 4,649 4,254 3.956 
(g) gg ( Aft L.P. journal and | 

(h)| } Aft L.P. web.............. 11,500 1.1 = 10.455 
(k)| Forward L.P. web...... | 9,819 | 9,964 10,182 | 10,318 | 10,446| 10,553 
(1) | #4 % | Forward L.P. main | 

| 10,037 | 10,137 10,263 | 10,372 | 10,457 | 10,540 


The greatest stress in each part for the shaft in line is given 
in lines (g) to (1), Table VII. In lines (h) and (k) no influence 
is ascribed to change of section in raising the stress in the webs. 
By deducting the values in lines (g) to (1) from the new maxi- 
mum stress found when bearing # is 0.001 inch out of line 
we find the rise of stress for the several parts, entered in lines 
(b) to (f). The rise of stress will in all cases be nearly propor- 


‘ 
a 
J 
] 


708 ON CRANK SHAFTS. 


tional * to the want of alignment of bearing B. And as, by 
means of expression (15), we can find the error of alignment of 
bearing B which is equivalent to any other derangement of the 
four bearings, the effect of want of alignment can in any case 
be at once calculated from Table VII. 

The principal indication an engineer has when the engine is 
running that the shaft is out of line, is the heating of the bear- 
ings. In a very careful set of experiments on friction by Mr. 


* For the inner ends of the webs the increase of stress will be exactly proportional 
to the want of alignment of bearing B, as only the bending moments are involved in 
the question. In the round parts of the shaft we have—equation (8)— 


[ 


This gives for the rate of increase of augmented moment per unit increase of bend- 


ing moment 


The greatest deviation from constancy in this rate within the limits of stress with 
which we have to deal will be in the case of the forward L.P. main journal, when 
F,,= 100. When the shaft is in line we will have 


When the shaft is so far out of line that there is no reaction at bearing B, or when 
bearing B is removed—a case to be treated immediately—we get 

aT 

aB 


As 1.518 + 1.207 = 1.258, we may consider that there is, in the limits of practice, 
a variation of the rate of increase of stress per unit change of bending moment, or 
reaction at bearing 4, of somewhat over 25.8 per cent. For F,, = 10 this figure be- 
comes 11.8 per cent. These changes of rate are not important, as no very exact 
deduction is to be made from Table VII; but, instead of directly calculating the 
siress for B=0.001 inch out of true, the want of alignment which would raise the 


5.538. 


augmented stress to 12,650 pounds—that is Io per cent. above 11,500 pounds origin- 
ally allowed—was calculated, and from that the rate per 0.001 inch displacement of B 
deduced. The figures in lines (b), (d) and (f), Table VII. may therefore be looked 
on as mean values over the range of variation which usually occurs in practice. If 
calculated exactly, the figure 20,753, for F, 100, line (c) of Table VIII, would 
have been 22,690; thus, even in this very extreme case, the error is comparatively 
small, and Table VII may be taken as practically correct. 

Deviation from exact proportionality of rise of stress to error of bearing A is 
much less for the aft L.P. main journal and crank pin than for the forward main 
journal. 
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Beauchamp Tower (see Trans. Inst. M. E., London, 1883 and 
1885) trials were made to find the greatest load which his jour- 
nal would carry. The journal was four inches diameter by six 
inches long; and the brass, which was very carefully fitted, em- 
braced nearly a semicircumference. Oil bath lubrication was 
used and the pressure was steady. He found that with rape oil 
the brass seized with a nominal pressure of 573 pounds per square 
inch, and with mineral oil at 625 pounds per square inch. The 
brass in each case was taken out and rescraped, but no better 
result was got on repeating the trials. 

Let us now see what stresses might come on the shaft before 
seizing would occur under the most favorable conditions for the 
bearings running cool. Lubrication would not often be nearly 
so perfect as that of the oil bath in Mr. Tower’s experiments but, 
on the detection of a tendency to heat, it would become copious, 
and we must consider that the journal is very freely oiled. 

If there is a single bearing at Z, it will not often be longer 
than about one and a half times the length that has been given 
to bearing A. (Even if longer than this the pressure from the 
bent shaft will distribute itself so much worse as to make it 
scarcely more effective than the shorter bearing.) The reaction 
at B, when the shaft ts in line, also is fully one and a half times that 
at bearing A. .So we may count this part of the reaction to amount 
to at least 220 pounds per square inch. Suppose, to be definite, 
that bearing B is raised—though the particular assumption made 
matters little. With steam off, the first effect will be to raise the 
shaft from bearings A and C. When it has been raised to the 
extent of the running clearance, a downward pressure on the 
shaft will be exerted by the caps of bearings A and C which will 
increase as B is further raised. The reaction ¢ius caused at B 
will, however, be about twice that at A; and, allowing for B being 
longer than A, the mean pressure at B will be about one and a 
half times that at d. Even with the shaft in line the pressure 
will by no means be so well distributed over the bearing as it was 
found to be in Mr. Tower's experiments. For, the continually 
varying flexure of the shaft will cause a very slight rounding of 
the brasses in a longitudinal plane and, consequently, the fall of 
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pressure on each side of the point of maximum pressure at any 
time will be much quicker than for a bearing where there is no 
changing flexure due to variable bending moment. That is, in 
the former case, the endward escape of oil will be so much easier 
than in the latter. 

With the shaft out of line as supposed, the distribution of 
pressure would generally become much worse. But even if 
such were not the case, we could not without seizing attain the 
same values of nominal pressure as Mr. Tower did. Let us 
suppose that under very favorable circumstances the maximum 
value of the nominal pressure on bearing B could be run up to 
600 pounds per square inch without seizing. This gives for the 
reaction due to want of alignment alone 600 — 220 = 380 pounds 
per square inch. This is also, obviously, the mean nominal 
pressure over the revolution very nearly, and is only a little less 
than two thirds of the limiting pressure found by Mr. Tower 
under immensely better conditions. As the reaction due to 
want of alignment is now greater than that due to steam, the 
pressure on # is no longer intermittent, and thus -the access of 
oil to the part of the bearing under pressure is less free. 

To suppose two bearings at B would be a worse assumption 
than that above. For the longer the length of shaft which the 
bearings are spread over, the more will its flexibility reproduce 
very local reactions. 

To produce 380 pounds per square inch rise of pressure at 
B will, according to the approximate supposition made above, 
require a rise of 380 1.5 =253 pounds per square inch at 
A, From Table VII, when F,, = 10, a rise of 560 pounds per 
square inch at bearing A increases the stress in the forward L.P. 
main journal from 10,037 pounds to 10,037 + 7,350. Thus a 
rise of pressure at A of 253 pounds will cause a stress in this 


part of 10,037 + = X 7,350 = 13,358 pounds. Altering lines 


(d), (e) and (f), Table VII, in this way, we get the figures in Table 
VIII. The corresponding results from lines (b) and (c), Table 
VII, are not given, as the stresses would in all cases be smaller 
than for the crank pin and parts forward, which are given. 
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The stress in the forward L.P. main journal is measured just 
at the junction with the forward web and the same allowance of 
10 per cent. made for change of section as formerly. As the total 
reaction from bearing A now rises above that on the crank pin, 
the moment which the forward L.P. main journal has to with- 
stand is greatest near the center of bearing A, but if the 10 per 
cent. allowance for change of section is correct, the greatest stress 
will still occur at the junction with the web. 

It will be found on trial that even in this extreme case the 
shearing stress due to torsion of the webs has no effect on the 
maximum. Indeed, it would not have, even if the turning mo- 
ment and the moments from the pressures on bearing A and the 
crank pin remained constant as the shaft revolved. 

In line (d), Table VIII, is entered the error of bearing per one 
inch stroke of engine to which the stresses in the previous lines 
correspond. 

The questions now arise: What factor of safety remains under 
the conditions of Table VIII, and what alterations are required 
in the curves to make the factor of safety sufficient in all cases ? 

For steel of 60,000 pounds tensile strength the elastic limit will 
be in the neighborhood of 30,000 to 36,000 pounds. 


TABLE VWIII.—STRESSES IN SHAFTS UNDER EXTREME CONDITIONS OF 
WANT OF ALIGNMENT OF BEARINGS. 


40 60 80 


| | 


13,449 | 14,220 | 15,294 | 16,083 16,742 | 17,259 


| 

| 


Maximum stress in for- 
ward L.P. web 14,090 | 15,748 | 18,071 | 19,644 | 20,976 | 22,021 
Maximum stress in for- 
ward L.P. main journal | 13,358 | 14,770 | 16,777 | 18,319 | 19,656 | 20,753 
Corresponding error of 
bearing B 0.452 | 0.773 | 1.246 | 1.710 | 2.163 | 2.581 


Stresses are augmented and in pounds per square inch. 
Error of bearing B is in thousandths of an inch per one inch stroke of engine. 


The factor of safety for the web calculated from the elastic 
33,000 


= 1.5. Ifthe shaft is sound 


limit, taken at say 33,000, is 
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this should not overstrain it, but it leaves little margin for im- 
perfections or additional stresses due to shocks, &c. As F, 
becomes smaller, the factor of safety rises. It is important to 
note that the edge of the web which at bottom stroke has a 
tension (or compression) of 22,021 pounds, has at top stroke a 
a compression (or tension) of only 2,723 pounds. This can 
easily be verified. Thus there is no complete reversal of the 
stress, which Wohler found so readily produced fracture; and 
thus, probably, the factor 1.5 is very nearly a true estimate. Even 
reversal of the engine will not produce complete reversal of the 
above stresses, for when the engine is running ahead one pair 
of opposite edges of the webs have to withstand the maximum 
stress, and when running astern it is the other pair. 

With the forward L.P. journal the case is somewhat different. 
We have seen, as given earlier in a footnote, that the true figure 
for the augmented stress when /,, = 100 is 22,690 pounds in- 
stead of that given in Table VIII. Shearing stress due to 
turning moment produces little of this, and calculating the 
principal tension and compression we find :— 


Line. Position of L.P. crank. At bottom center. | At top center. 
( Tension, | Compression, 
(a) 21,163 pounds. | 13,646 pounds. 
pal § Compression, | Tension, 
(b) 1,688 pounds, | 1,409 pounds, 

{ Tension, | Compression, 
(c) | Stress parallel to axis of shaft... < 19,476. 12,237. 
i Angle between axis of shaft and 
(¢) principal stress in line (a) above., 15° 46’. | —(17° 497). 


The figures in lines (a), (b) and (d) are, of course, deduced by 
means of equations (5), (6) and (4), and the stresses are in no way 
augmented. Line (c) gives the stresses induced by the bending 
moments alone. If the words “ tension” and “ compression” are 
interchanged, the above statement holds good for the diametri- 
cally opposite point of the shaft in which the highest stress is a 
compression. 
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We see, then, that while the stress does not rise quite so high 
as for the web, the range of stress is considerably greater, though 
the directions of the alternate maximum tension and compression 
are inclined at an angle of 15° 46’ + 17° 49’ = 33° 35’. If we 
neglect the shearing stress altogether, line (c) shows that we have 
still considerably greater range of stress than for the web; and, 
though it cannot be estimated exactly, I think we may conclude 
that the factor of safety is in this case somewhat smaller for the 
journal than for the web. 

I will quote one experiment of Wohler’s,* which it is instruct- 
ive to compare with what has just been said. The steel experi- 
mented on was cut from a bar supplied by Vickers, Sons & Co., 
in 1868, and gave the following results in a tensile test :— 
Breaking stress per square inch of original section, 65,270 lbs. 
Breaking stress per square inch fractured section, 115,988 lbs. 
Percentage of elongation before fracture, . : ; - 19.5 

As the length measured for elongation is not mentioned in 
“Engineering” no conclusion can be drawn from this figure. 
Judging from the contraction of area, the steel was probably 
somewhat hard. 

Round bars of this material were fixed horizontally in a testing 
machine and rotated. A constant vertical pull was applied at the 
outer end, so that the bar was submitted to cross bending, and 
thus the stress at each point exactly reversed each half revolution. 
Several bars were experimented on with the following results :— 


Maximum stress in fibers in i 
pounds per ponder 8 Number of revolutions of bar. 


36,380 : 51,240 bar broken. 
34,240 ; 72,940 

32,100 ‘ 205,800 

27,820 : 564,900 

25,680 ; ; 3,275,860 

23.540 8,660,000 bar not broken. 


*See “ Engineering,” Vol. XI, pp. 244 and 349. 
47 
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Wohler’s experiments showed that under repetition of stress 
the range as well as the maximum stress was an important factor 
in determining the fracture of the bar. In the last trial above 
(where the bar was not broken) the stress ranged from 23,450 
pounds tension to 23,450 pounds compression—that is, through 
46,900 pounds. If the greatest compression had been less than 
23,450 pounds, the greatest tension could have been increased 
over this figure; till, had the stress been purely a tensional one, 
varying between a maximum and zero, the upper limit could 
have been made about 40,000 pounds with equal safety. Con- 
sideration of this experiment seems to support what has been 
said with regard to the factors of safety of the forward L.P. web 
and main journal. 

F,, = 100 lies beyond the limits of practice, and heating of the 
bearings is almost sure to occur much earlier than has been sup- 
posed, through very bad distribution of pressure over one or other 
of the bearings when these are out of line and the caps kept 
screwed down. Thus the figures in Table VIII certainly repre- 
sent the upper limit of what may possibly occur. If then, the 
shafts shown in Fig. VIII are built of 60,000 pounds steel, and 
are perfectly sound, the following conclusions seem warranted by 
all that has gone before :— 

By no reasonable inequality in the distribution of power, and by 
no conditions arising from want of alignment of the bearings 
under which the journals can be made to run cool, will the shafts 
be fractured, or even overstrained. The factor of safety for the 
larger values of F,, will however be small. With 80,000 pounds 
steel, of which the crank shafts for the smaller vessels of the U.S. 
Navy are usually made, the factor of safety would in all cases be 
fairly satisfactory even under such extreme conditions. 

There is another limitation on the occurrence of these very 
high stresses in the crank shaft. Take for example the engine 
of the Columbia. From Table IV we find /,, = 80.19, and the 
stroke is 42 inches. From Table VIII, line (d), under F,, = 80 
we find that the error of alignment of bearing B which would 
set up the stresses in the shaft given in the previous lines of the 
same table, is 0.002163 inch per one inch stroke. For 42 inches. 
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stroke the error would be 0.002163 X 42 =0.0g1 inch. Adding 
to this about 0.01 inch for the running clearance gives us prac- 
tically one tenth of an inch. This is a quantity which would lie 
a long way outside of the most careless practice. Thus, for the 
larger values of F,,, there ought to be little danger of the high 
stresses given by Table VIII being approached unless in the 
case of short stroke engines, and these will usually have shafts 
of very strong steel. 

Following Mr. Milton’s procedure in the papers already re- 
ferred to*, we may find the stress in the shaft when one of the 
bearings is removed. This is a condition to which every shaft 
is certain to be submitted occasionally, through slacking back of 
the bearing cap when the journal is heating. In most cases the 
deflection of the shaft is so small that a very slight easing of the 
cap will remove all pressure. The worst case is to suppose 
bearing B removed, except in the case of the forward L.P. main 
journal, where removal of bearing A or bearing B would pro- 
duce nearly the same stress. 

We must proceed as before to calculate the reaction / at 
A, supposing all influence from bearing 2, in Figs. IV and VI, 
removed. 

For B, we now get the expression, 


And taking moments about C we find 
. . . (16) 


As before, the reaction f has been laid down in a curve: 
only the portions required are shown in Fig. VII, and are marked 


thus 


The turning moments for the main journals shown by Fig. III 
are, of course, not altered. But as the reaction / at bearing A is 
increased, the turning moment on the L.P. crank pin is lowered, 
except at points A and D, when the L.P. crank is at top or bot- 


*See Zransactions of the Institution of Naval Architects, vols, XX and XXII. 
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tom center. . Obviously, the maximum stress will still occur at 
about the same points of the revolution as before, but the heav- 
iest bending moments will be for the order of cranks H.P., I.P. 
and L.P. 

The arms for the bending moments on the forward L.P. main 
journal, arising from the reactions on bearing A and the L.P. 
‘crank pin, are called H and 4, respectively ; and those for the 
bending moments on the forward L.P. web, arising from the 
same reactions, K and X,; as shown in Fig. IV. 

Table IX gives the deduction of the bending and turning mo- 
ments now taken in the calculations. The construction of the 
table will be understood from what has been said with regard to 
Table I. Line (g) of Table I—‘ Increase for errors of adjust- 
ment”—is omitted here, as removal of bearing B will bring the 
center of pressure toward the inside of bearing A, and slightly 
reduce the arms of the bending moments. In line (d), column 
VI, the factor 0.45 in Table IX, instead of being 0.54, as in Table 
I, makes the ten per cent. reduction of moment due to the distri- 
bution of pressure over the crank pin. In columns V, VII and 
X, of Table IX, no increase is made for unequal steam stresses, 
as already explained in connection with the crank pin, Table I. 
No allowance is made for change of section in the webs. 

Applying these moments to the shafts given by Fig. VIII will 
induce the stresses given by Table X. In line (f) the deflection 
at bearing AB is given in thousandths of an inch per one inch 
stroke, the allowance explained above being made for the in- 
fluence of the webs. 

If the whole investigation had proceeded on the assumption 
of bearing B being removed, the constants deduced from the 
various engines would have been higher than those given in 
Table IV, except in the case of the total force on the crank pin. 
Taking the mean value of the stresses in lines (c), (d) and (e), 
Table X (the most highly stressed parts of the shaft) we find 
that it is between 13,000 and 14,000 pounds per square inch. 
This mean will-be practically the same as we would have found 
had we deduced this constant from the ten engines of the U. S. 
Navy, in the same way as those of Tables IV and V are obtained. 
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The dimensions of the shafts given by the dotted lines in Fig. 
VIII are increased so as to give a stress in the crank pin, forward 
web and forward journal, of 13,000 pounds per square inch, when 
bearing B is removed. This was done by dividing the stresses 
in Table X by 13,000, and taking the cube root of the ratio thus 
found. The ordinates of the curves for the journal and pin dia- 
meter, and web breadth and thickness, were then simply increased 
in this proportion; no notice being taken of the slight alteration 
of 4 consequent on the increased thickness of the crank webs. 
Only one curve is given for the crank pin and main journal diam- 
eter. This is really the curve for the main journal diameter, and 
that for the crank pin would run below but exceedingly close to it. 


TABLE X.—STRESSES IN SHAFTS, FIG. VIII, WHEN BEARING 2 IS REMOVED. 


Line. Fu. | 10 | 20 | 40 60 | 80 100 


(a) | Maximum stress in aft | 


LP. | 11,693 | 11,792 11,947 12,080| 12,190 12,288 
(b) | Maximum stress in aft } 

11,000 | 11,177 | 11,450 11,620) 11,780 I1,912 
(c) | Maximum stress in L.P. 

8 ee 12,146 | 12,405 | 12,782 | 13,059 | 13,286 | 13,484 
(d) | Maximum stress in for- | 

ward L.P. web.......... | 11,632 | 12,430 | 13,534 | 14,288 | 14,916 | 15,440 


(e) | Maximum stress in for- | 
ward L.P. journal...... 11,400 12,066 | 13,062 13,867 | 14,554 15,158 
(f) | Maximum deflection at 

| bearing B.............0+. 0.293 | 0.476 | 0.807 | 1.110 | 1.398 1.678 


Stresses are in pounds per square inch. 

Deflections are in thousandths of an inch per one inch stroke of engine. 

The average pressure on the crank pin is still 440 pounds per square inch, but due 
to the increased flexure of the shaft the bearing will not be so good. 

The average pressure on bearing 4 rises to 327 pounds per square inch. 


In each case of a shaft running with bearings slightly out of 
line the stresses can be practically reduced to this case of one 
bearing removed by slacking back one or more of the main bear- 
ing caps. The condition only occurs occasionally, but line (f), 
Table X, shows that it will present itself much more readily in 
the case of the smaller than of the larger values of /,,; and fora 
proportionately smaller error of bearing in a short stroke than in 
a long stroke engine. 
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After careful consideration it was determined to place all the 
above evidence before the reader so that each individual designer 
might be in a position to judge for himself how much allowance 
he would make for the occasional occurrence of the stresses in 
Table X, and the possible occurrence of the higher stresses in 
Table VIII, rather than make a definite assumption which, at 
best, would only be the expression of one individual opinion, 
and could not satisfactorily be made to cover all cases. 

My own judgment is—For the smaller values of F,,, where the 
dotted curves are lower than the full curves, the full curves should 
be used. For higher values of /,,, where the deflection at bear- 
ing B (got by multiplying the deflection from line (f), Table X, 
by the stroke) is about jth of an inch, the dotted curves should 
be used. For engines of longer stroke, a value between the full 
and dotted curves might safely be adopted. In an engine of 60 
inches stroke, with /,, = 80, the deflection at bearing B from 
Table X = 0.001398 X 60 = 0.084 inch. The bearings should, 
with care, never get out of line to more than asmall fraction of this 
amount, nor need the bearing cap be slacked back nearly so far 
to allow freer lubrication. Therefore, if the forging can be per- 
fectly depended on, the full line curve might be used here. 

If the deflection at bearing A is less than ~yth inch, it would be 
well to make some allowance over the dimensions given by the 
-dotted curves, Fig. VIII, unless steel stronger than 60,000 pounds 
per square inch is used. However short the stroke, the excess 
of dimensions over the full line curves Fig. VIII need, I think, 
never exceed twice the difference of the dotted and full curves. 
This, under the extreme condition of Table VIII, will in all cases 
leave a factor of about 2 from the elastic limit for steel of 60,000 
pounds tensile strength. This additional strength in small 
engines is required not only because a very small error of adjust- 
ment will produce these high stresses ; but the bearings do not 
heat so readily as in a larger engine, no doubt on account of the 
greater readiness with which the heat generated escapes, and 
thus warning that the shaft is under heavy stress will not be so 
soon given. Again, the larger engine has usually the greater 
number of attendants, though the number of bearings to be 
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looked after is nearly the same in both cases. For this and other 
reasons the smaller engine is often less carefully watched. 


Fig. VIII gives definite values for the dimensions of the 
several parts of the shaft, but it will frequently be desirable to 
alter some of these to accommodate other parts of the engine 
design. It is necessary, then, to find what changes will have to. 
be made in the other parts of the shaft to keep the strength 
unaltered. If, for instance, the span of the bearings is altered, 
the arms for the various bending moments will also be altered, 
while the turning moments in the journals will remain unchanged. 
The reactions of the main bearings will also, generally, alter 
slightly, but this we may neglect. 

The change of stress induced by a given change in the arm of 
any of the bending moments will be greater for the shaft out of 
line than for perfect alignment as, in the former case, the bending 
moment is larger; but, as any change required in the shaft di- 
mensions is always small, it will be sufficient to give the correc- 
tions only for the case of bearing 2 removed. 

Crank Pin.—Suppose the span of main bearings, 4, Fig. IV, 
increased to 6 + @4,so that the augmented moment on the crank 
pin is changed from 

3526 + {1 + .35276"}, (See Table IX.) 
to 
352 (6+ 06) + {1 +.352? (6+ 06)}. 
Let the corresponding change of crank pin diameter be from ; 
toy +d;. 
Then we have the proportion 


OP: 3526 + (1 + 35278) : 352 (6+ 0d) 
+y {t+ .3527 (6+ 06)}. 
It will be found in all cases sufficiently approximate to expand 
the quantities under the radical sign and retain only two terms. 
Then, dividing the first two terms by 7° we get 
352° 
2 


+ .3526+ + .3526-+ 392 


+ .35206 + .3527 


| 
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By a well known transformation 


2 
1 +.3526 382%, .35204(1 + .352 4), 


7 
or Oy =.117705X 
I+ .352 + 
When F,, = 100, 6 = 1.804, and 
+352” 890 
I+ .3526+-> 


Thus we may write, with ample accuracy in all cases, 
For stroke s we have, 
Main Journal.—The corresponding expressions for the addi- 
tion da to the main journal diameter are— 
For one inch stroke, 


. . . (20) 
For stroke s, 


/ 
a! = .276 (0 H! — 1.266 8 H,) —. 


This is deduced from the moments in columns X, XI and 
XII, of Table IX ; as, within the limits of practice, the stress is 
greater on the forward than on the aft L.P. main journal. 

Crank Web.—The stress due to turning moment in the forward 
L.P. crank web is 


(see Table 1X) 


where ¢ is the fore-and-aft thickness, and ¢ the breadth, as shown 
in Figs. IV and V. 
That due to bending is 


.782 K — 99 K, 


x 6 F,,, (See Table IX). 


ee 
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As the total stress is 13,000 pounds, we have 


1.128 K — 1.429 K, 
e 


) = 3,127. 


For stroke s 
F,, $(5- 1.128 K — 1.429 K, 
ee’ 


) = 3,120. 


If any of the quantities ¢’, ce’, A’ or A’,, are altered, one or more 
of the others (as the necessities of the design dictate) should also 
be altered to keep equation (23) true. This can be done very 
readily. 

As the areas of the main journal and crank pin, given by Fig. 
VIII, correspond to pressures of 220 and 440 pounds per square 
inch, respectively, with all bearings in line (the pressure for the 
main bearing A rising to 327 pounds if bearing B is removed), 
the area required for any desired pressure can at once be calcu- 
lated. 

Example 

To illustrate the use of equations (18) to (23), suppose that 
the aft main bearing in Example /, had to be moved 5 inches aft 
to accommodate, say, an eccentric between the bearing and aft 
web; and that it was desired to reduce the surface pressure in 
the main bearing to 180 pounds per square inch for all bearings 
in line. As the diameter of the shaft will be but slightly affected, 
the required reduction of bearing pressure will be made by in- 
creasing the length of the bearing to 

13.32 X 220 


= 16.28. 


The determination of dimensions in Example J was made from 
the full line curves, Fig. VIII, though for 30 inches stroke prob- 
ably most designers would choose values nearer those given by 
the dotted curves. ‘The figures already given are however re- 
tained here, as this example would not be made clearer by 
changing them. 
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Crank Pin.—6’' will be increased from 42.06 to 


42.06 + 5 + 16.28 — 13.32 = 50.02. 
Thus 00’ = 50.02 — 42.06 = 7.96. 
Thus from equation (19) we get the required increase of crank 
pin diameter, 
and the new diameter of the crank pin is 
10.50 + .33 = 10.83 inches. 
Main Journal.—We have H’ = 7.96 and H’,=0, thus 
equation (21) gives 
__ -276 X 7.96 X 10.35 
= 


da’ 


.76, 
and the new diameter is 
10.35 + .76 = I1.11 inches. 


The L.P. cylinder is no longer central between the main bear- 
ings, but that makes no very sensible difference in the stresses 
coming on the shaft. ; 

Crank Webs.—Supposing e’, the fore-and-aft thickness of the 
webs, to remain the same, we must change ¢’, their breadth, to 
make up the strength for the increased bending moment. 

K’ in equation (23) now is 


6.28 
+ 52 +5 + 7.65 X 1.5 + 12.39 = 37.52, 


and &”,, as before, 
12.39 , 7:65 
+ 10.02. 


Thus from equation (23) we get 


7.65 


64.11 X 30? (3° 4 1.128 X 37.52 — 1.429 X 10.02 


7.65 3,127. 


By trial, or solving the quadratic equation involved and taking 
the positive root, we get 


e’ = 14.00 inches. 
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The value of e’ in Example J is 11.55 inches, and it is instructive 
to observe what a large increase has been required to compen- 
sate for the changes supposed in Example //; although this in- 
crease being an addition to the breadth, very greatly adds to the 
strength for withstanding turning moments. It brings out very 
strongly the importance of taking careful account of the bending 
moments in determining the dimensions of the shaft, and the 
same lesson is taught by the increase of diameter required for 
the main journal in this example. 

It must have been a matter of surprise to many that while rules 
for determining the diameters of crank shafts were given by the 
various Boards regulating marine practice, no attempt seems to 
have been made to regulate the scantlings of the webs, though 
their fracture is perhaps as frequent as the failure of the round 
parts of the shaft. We also see how bad was the practice followed 
in several engines of the old Navy, and in some built for the 
merchant marine about the same time, of making broad webs 
which were thinned down in the fore-and-aft direction. These 
crank shafts nearly always gave trouble by fracturing through 
the webs. In wrought-iron shafts, which these were, the grain 
of the iron runs longitudinally across the webs, making the 
material weak relatively to that in the journal, and where this 
material is used the webs should therefore be made specially 
strong. 

Again, in a shaft forged in one piece, frequently the material 
of the webs and crank pin is weaker than that in the main 
journals, as the former receives less working under the hammer. 
No allowance has been made for this in the investigation, since 
the metal from all parts of the shaft has to withstand the specified 
tests, and it would of course be unwarranted to suppose that 
that in the journal always exceeds this quality. 

It should be noted that in one important respect the various 
formulas which have been framed for determining the diameters 
of crank shafts in the merchant marine, take no sufficient account 
of the bending moments. They all, I think without exception, in 
expressing the diameter of the main journal, contain the cube 
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root of the absolute steam pressure asa factor. Table I, columns 
I and II, show that while this would express the true law, were 
turning moments alone concerned, it takes no account of the in- 
creased arms for the bending moments required by the increase of 
F,,. It might be replied that in no case do the bending moments 
increase the stress in the aft journal sensibly. But we have just 
seen that the aft journal is not usually the part to be considered, 
and an inspection of Fig. VIII will show that the crank pin 
diameter rises a good deal more quickly than the cube root of 
F,,; and the same is true of the main journal diameter, especially 
for the dotted curve. 

Finally, it only remains to be noticed that the curves in Fig. 
VIII can be used to determine the size of shaft which will have 
any desired stress. Suppose an engine is to have a shaft of 
80,000 pounds steel and it is desired to raise the stress to 15,000 
pounds for the bearings in line. If for the engine F,, = 60, it is 
only necessary to make the shaft of the dimensions given for 


F,, = 60 X 13,000 For, obviously, all stresses are in pro- 


portion to the forces applied by the piston rods. (If in any par- 
ticular engine these latter are doubled, all bending and turn- 
ing moments, and consequently all stresses, are doubled also.) 
Changes in shaft dimensions for a change of 4, &c., would still 
be determined from the formulas given above; only in equations 
(22) and (23) the value of F,, to be used is 46 and not 60, The 
pressures per square inch on the bearings would also rise in the 
proportion of 11,500 to 15,000. Therefore, if it was desired to run 
the crank pin bearing at say 500 pounds per square inch, it would 
be necessary to determine the alteration of bearing length, &c., 
which would be required to give a pressure per square inch on 
the crank pin of 


500 X 46 
60 


= 383 pounds, 


when F,, = 46, as already fully explained. © 
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In what follows, this transformation will be used when deter- 
mining the limit, spoken of at the beginning of the paper, at 
which the stresses due to steam and inertia combine to induce 
greater stresses in the shaft than those due to steam alone. 


(Zo be continued.) 
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TESTS OF RIVETED JOINTS. 


TESTS OF RIVETED JOINTS MADE AT THE WATER- 
TOWN ARSENAL, MASS., FOR MESSRS. EDWARD 
KENDALL & SONS, CAMBRIDGEPORT, MASS., 
MAY 29, 1896. 


[The following description and results of the tests made at 
the Watertown Arsenal were kindly supplied by the designers 
and makers of the joints, Messrs. Edward Kendall & Sons, 
Proprietors of the Charles River Iron Works, Cambridgeport, 
Mass.—EpiTor. | 


These tests were instituted to find the relative efficiencies of 
two different pitches in the same style of joints. It will be 
noticed that the joints are made in pairs, with the difference in 
pitch carried out. The results seem to show that there is only 
a small difference in efficiency when the rivets are placed closer 
together. Indeed, with the smaller pitch and an excess of rivet 
strength over plate strength, the strength of the joint is greater. 
There is, however, one point which brings up a question which 
might well be a subject for future investigation. This is, what 
effect does the gripping force of the rivets have on the joint? 
As the rivets are driven hot, they contract in cooling and there- 
fore do not completely fill the holes. It was noticed that a 
permanent set occurred in nearly every case at a pressure of 
about 5,000 pounds per square inch. This set probably shows 
the point at which the gripping force of the rivets is overcome. 
In tests Nos. 9,437 and 8,507, the permenant set occurred at 
10,000 pounds per square inch. 

Taking a boiler 72 inches in diameter, with a joint of such 
materials and dimensions as were used in these tests, there would 
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be a slight permanent set at a pressure of a little over 130 pounds 
per square inch. This set may occur in testing. Would it not 
be well then to make experiments on joints of boilers under test, 
and under actual conditions under steam ? 

In watching the tests it is noticeable that the scale invariably 
starts off the rivet heads before it does on the plate. This brings 
up the question as to whether we do not want greater rivet 
strength than plate strength in the joint, and therefore more 
rigidity. 

The efficiency of any of the complex joints is high enough to 
ensure the safety of a boiler during its life, but the elastic limit 
of the joint is below what we would expect. 

It is to be hoped that other tests may be made in the direction 
indicated. 

In the following arrangement, the cut of the plate or joint 
tested precedes the results obtained. For test No. 8,505, a de- 
scription of the test pieces takes the place of the cut. 


Steel plate representing metal used in riveted joints Nos. 9,374, 
91375, 91379, 9,377, 9.436 and 9,437. 


so” 


Brand on plate: “ Coatsville, Pa., Fire box 55,000.” 

Sectional area 8.75 sq. ins. Gauged length, 30 ins. Elastic 
limit, 30,000 Ibs. per sq. in.; elongation in inches, gauged length, 
-0339; set .003. At 34,000 lbs. per sq. in., the scale started off 
the plate. 

Tensile strength, 59,680 lbs. per sq. in. 


t 
No. 9458. 
15 SL 
” 
- 326 
<_ 36" 
j 
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Elongation in 30 ins., 4.63 ins. = 15.4 per cent. Elongation 
of 5-in. sections, .68, .78, .81, .78, .79,.79 in. Minimum width of 
plate after the test, 15.05 in. 

Plate tore apart, the fracture beginning at the neck and gradu- 
ally extending across its width. Appearance silky, slightly 
lamellar. 


Thickness 


3 BE pitch 


5; 
527 2) 544 
No. D374 % steel rivets 
drilled holes. 
2% 


Gross sectional area of plate 7.17, and net sectional area, 5.18 
sq. ins. Bearing surface of rivets, 3.48, and shearing area, 4.83 
sq. ins. Gauged length, 20 ins. 

At 9,000 lbs. per sq. in. load, scale started off two rivet heads, 
the elongation being then, .0128 in. At 15,000 lbs., the elonga- 
tion was .0361 in. and the set, .0175 in. At 16,000 lbs. per sq. 
in., scale started off plate in vicinity of rivet heads; elongation, 
.0459 in. 

Tensile strength, 28,130 lbs. per sq. in. Sheared the rivets. 

Elongation of rivet holes, outside row, .05, inside row, .02 in. 

Maximum stress on joint, in lbs. per sq. in.: 

Tension on gross section of plate, 28,130, tension on net sec- 
tion, 38,940. 

Compression on bearing surface of rivets, 57,960, and shearing 
on rivets, 41,760. 

Efficiency of joint, 47.1 per cent. 
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730 TESTS OF RIVETED JOINTS. 


Line of fracture 


RES ole) A O, 
550,! | 550 


2418 drilled holes. 
7? 


Gross sectional area of plate, 10.70, and net sectional area, 
9.63 sq. ins. Bearing surface of rivets, 10.01, and shearing area, 
24.15 sq. ins. Gauged length, 20 ins. 

At 22,000 Ibs. per sq. in., scale started off rivets, 1st and 2d 
rows, plate A ; elongation, .0329 in. At 28,000 lbs., scale started 
off plates; elongation, .0465 in. At 30,000 lbs., the elongation 
was .0524 in., and the set, .0205 in. 

Tensile strength, 46,930 lbs. per sq. in. 

Fractured plate A through one rivet hole in Ist row, one in 
the 2d row, and four in the 3d row of rivet holes. The fracture 
was visible at the edge of the plate opposite the 3d row of rivets, 
after which fractures were in sight at the sides of the rivet holes 
in the 1st and 2d rows. Finally these lines of fracture extended 
toward each other and completed the fracture of the plate. 
Appearance silky, slightly lamellar. Sheared 2 rivets. 

Maximum stress on joint, in lbs. per sq. in.: 

Tension on gross section of plate, 46,930, and on net section, 
52,150. 

Compression on bearing surface of rivets, 50,170, and shear- 
ing on rivets, 20,790. 

Efficiency of joint, 78.6 per cent. 


TESTS OF RIVETED JOINTS. 


Line of fracture 
O! 
564 sie 566 
steel rivets. 
No. GS76. 
, artlled holes. 


Gross sectional area of plate, 11.22, and net sectional area, 
10.17 sq. ins. Bearing surface of rivets, 6.82, and shearing area, 
14.49 sq. ins. Gauged length, 20 ins. 

At 15,000 lbs. per sq. in., scale started off rivet heads; elonga- 
tion, .0219 in. At 19,000 lbs., scale generally started off the 
inside row of rivet heads; elongation .o2g91 in. At 25,000 lbs., 
the elongation was .044 in., and the set, .0208 in. At 30,000 lbs., 
scale started off plates; elongation, .06-+ in. 

Tensile strength, 46,530 Ibs. per sq. in. 

Sheared 5 rivets in plate 4, and tore out plate in front of rivet 
holes at inside row. 

Elongation of rivet holes, Ist row .19; 2d row, end holes, .15 ; 
3d row, middle holes, .24 in. 

Maximum stress on joint in lbs. per sq. in.: 

Tension on gross section of plate, 46,530, and on net section, 
51,340. 

Compression on bearing surface of rivets, 76,550, and shearing 
on rivets, 36,030. 

Efficiency of joint 78.0 per cent. 
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732 TESTS OF RIVETED JOINTS. 


Line of fracture 
Qio 
om 
pitch 
Slo: 
< 10% 
% steel rivets. 
Wo. 9577. drilled holes. 


Gross sectional area of plate, 14.44, and net sectional area, 
12.44 sq. ins. Bearing surface of rivets, 6.02, and shearing area, 
13.80 sq. ins. Gauged length, 20 ins. 

At 8,000 lbs per sq. in., scale started off rivet heads, outside 
row; elongation, .009g6in. At 20,000 lbs., the elongation was. 04 
in., and the set,.0211 in. At 29,000 lbs. per sq. in., scale started 
off plate ; elongation, .18 in. 

Tensile strength, 33,990 lbs. per sq. in. 

Sheared outside row of rivets in plate A, and tore out plate in 
front of rivet holes at inside row. Outside row of rivet holes 
elongated, .09 in. 

Maximum stress on joint in lbs. per sq. in.: 

Tension on gross section of plate, 33,990, and on net section, 
39,450. 

Compression on bearing surface of rivets, 81,530, and shearing 
on rivets, 35,560. 

Efficiency of joint, 57.0 per cent. 
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TESTS OF RIVETED JOINTS. 


Plo: 
“10: 
3! 
| plates O10 Plates 
562 Ol"! Sex T 
No. GREE % steel rivets. 


Gross sectional area of plate, 14.77, and net sectional area, 
12.72 sq. ins. Bearing surface of rivets, 9.74, and shearing area, 


23.46 sq.ins. Gauged length, 20 ins. 


At 18,000 Ibs. per sq. in. there were snapping sounds, which 
were repeated at 19,000 lbs., and apparent again at 28,000 lbs. 
At 29,000 lbs. per sq. in., scale started off rivet heads; elongation, 
.0473 in. At 30,000 lbs., the elongation was .0524, and the set, 
.0241 in. At 31,000 lbs., scale started off plates; elongation, .06 in. 

Maximum load reached, 47,407 Ibs. per sq. in., =a total load 


of 700,200 lbs. 


Reinforce plates buckled, allowing joint to draw from the 
holder jaws. Test discontinued, joint not fractured. The plates 
were drawn down in width to 26.61 ins., thus showing a contrac- 


tion of .39 in. 
Maximum stress on joint, in lbs. per sq. in. : 


Tension on gross section of plate, 47,407, and on net section, 


55,050. 


Compression on bearing surface of rivets, 71,890, and shearing 


on rivets, 29,850. 
Efficiency of joint, 79.4 per cent. 
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TESTS OF RIVETED JOINTS. 


'Retnforce 


plates 


etnforce; 


plates 


©) 


O 00 


..2 
5 


= 


% sted rivets. 
drilled holes 


No. 9437. 


x 


Gross sectional area of plate, 15.08, and net sectional area, 13.88 
sq. ins. Bearing surface of rivets, 10.45, and shearing area, 24.15 
sq. ins. Gauged length, 20 ins. 

At 13,000 Ibs. per sq. in., scale started off rivet heads in 2d 
row of rivets, (row of 3); elongation, .o129 in. At 28,000 lbs., 
scale started off plates; elongation, .0408 in. At 30,000 lbs., the 
elongation was .0479 in. and the set .0255 in. 

Maximum load applied, 42,440 lbs. per sq. in., =a total load 
of 640,000 lbs. 

Reinforce plates buckled, allowing joint to draw from the 
holder jaws. Test discontinued, joint not fractured. The plates 
were drawn down in width to 26.80 and 26.78 ins., thus showing 
contractions of .20 and .22 in. respectively. 

Maximum stress on joint in lbs. per sq. in. : 

Tension on gross section of plate, 42,440, and on net section, 
46,110. 

Compression on bearing surface of rivets, 61,240, and shearing 
on rivets, 26,500. 

Efficiency of joint, 71.1 per cent. 


The test piece, No. 8,505, of the steel plate representing metal 
used in riveted joints Nos. 8,506 to 8,510, was similar to that 
shown in cut No. 9,438. The thickness at the upper edge of the 
narrow part was .493, and varied at the lower edge from .498 to 
.500 in. The total length of the test piece was 48, and its 
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TESTS OF RIVETED JOINTS. 735 


breadth, 24.25 ins. The narrow part was 16 ins. long and 15 ins. 
wide. 

Sectional area, 7.43 sq. ins. Gauged length, 15 ins. 

Elastic limit, 34,000 lbs. per sq. in., elongation, .016 in. At 
35,000 lbs., the elongation was .0185 in., and the set, .0016 in. 

Tensile, strength, 60,550 lbs. per sq. in.; elongation, 2.25 ins. 

Elongation in 15 ins., 2.43 ins., = 16.2 per cent. Elongation 
of inch sections: .19, .18, .16, .16, .18, .17,.17,.17, .19, .18, .16, .16, 
15, .11, .10 in. 

Minimum width after fracture, 13.96 ins. Fractured at the 
neck. Appearance silky, lamellar. 


LBS steel rivets. 


No. 8506. 


grilled holes. 


Gross sectional area of plate, 6.73, and net sectional area, 5.80 
sq.ins. Bearing surface of rivets, 4.20, and shearing area, 11.04 
sq. ins. Gauged length, 20 ins. 

At 12,000 lbs. per sq. in., scale started off rivet heads; elonga- 
tion, .0098 in. At 30,000 lbs., scale started off plate; elongation 
.049 in., and the set, .0286 in. 

Tensile strength, 48,620 lbs. per sq. in. Sheared one rivet, and 
fractured plate across rivet holes in each row. 

Maximum stress on joint, in lbs. per sq. in. : 

Tension on gross section of plate, 48,620, and on net section, 
56,410. 

Compression on bearing surface of rivets, 77,900, and shearing 
on rivets, 29,640. : 

Efficiency of joint, 80.3 per cent. 
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Zine of Lracture. 


os 
<— 


Zt % arilled holes. 


No. 8507 


Gross sectional area of plate, 4.91, and net sectional area, 3.99 
sq. ins. Bearing surface of rivets, 4.14, and shearing area, 11.04 
sq. ins. Gauged length, 20 ins. 

At 30,000 lbs. the elongation was .0375 in., and the set, .0168 in. 
At 32,000 lbs. per sq. in., scale started off plate; elongation, 
.0495 in. 

Tensile strength, 50,550 lbs. per sq. in.; elongation, .92 in. 

Scale did not start off rivet heads. Fractured plate across Ist 
row of rivet holes. 

Maximum stress on joint in lbs. per sq. in.: 

Tension on gross section of plate, 50,550, and on net section, 
62,200. 

Compression on bearing surface of rivets, 59,950, and shearing 
on rivets, 22,480. 

Efficiency of joint 83.5 per cent. 


“@'@, 
@ 
‘sil 
22° 
8508 steel revets. 


The elongation of rivet holes after fracture is shown by the figures on the rivet heads, 


Joint tested hot. Temperature of joint about 410° F. 


Line of fractuy 
ar 
Zt, 12 % 
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Gross sectionalfarea of plate, 7.35, and net sectional area, 6.43 
sq. ins. Bearing surface of rivets, 7.34, and shearing area, 18.63 
sq. ins. 

Tensile strength, 401,200 lbs., = 54,580 Ibs. per sq. in. 

Fractured plate across first row of rivet holes. 

Maximum({stress on joint, in lbs. per sq. in.: 

Tension on gross section of plate, 54,580, and on net section, 
62,390. Compression on bearing surface of rivets, 54,660, and 
shearing onfrivets, 21,530. 

Efficiency of joint, 90.1 per cent. 


Line of fracture 
“” 
‘Sl 
steel rivets. 
No. 
46 drilled holes 


Gross sectional area of plates, 7.49, and net sectional area, 6.56 
sq. ins. Bearing surface of rivets, 7.48, and shearing area, 18.63 
sq. ins. Gauged length, 20 ins. 

At 30,000 Ibs. per sq. in., the elongation was .0395, and the 
set, .OIgI in. 

Tensile strength, 51,282 lbs. per sq. in. 

Fractured plate across first row of rivet holes. 

Maximum stress on joint, in lbs. per sq. in.: 

Tension on gross section of plate, 51,282, and on net section, 
58,550. 

Compression on bearing surface of rivets, 51,350, and shearing 
on rivets, 20,620. 

Efficiency of joint, 84.7 per cent. 
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_, Ling of Lracture. 


Leel 


holes 


Gross sectional area of plate, 10.08, and net sectional area, 9.15 
sq. ins. Bearing surface of rivets, 7.46, and shearing area, 18.63 
sq. ins. Gauged length, 20 ins. 

At 30,000 lbs. per sq. in., scale started off plate; elongation, 
.0514in. Tensile strength, 49,960 lbs. per sq. in. 

Fractured plate B across rivet holes in first and second row. 
Appearance silky. 

Maximum stress on joint, in lbs. per sq. in. : 

Tension on gross section of plate, 49,960, and on net section, 
55,030. 

Compression on bearing surface of rivets, 67,490, and shearing 
on rivets, 27,030. 
Efficiency of joint, 82.5 per cent. 


No. 8517. 
O15 X 46.5 
ak 


> 


Steel plate representing metal used in riveted joints Nos. 8,515 
and 8,516. 

Sectional area, 2.015 ins. X .465 in. = .937 sq. in. 

Elastic limit, 32,950 lbs. = 35,160 lbs. per sq. in. 

Tensile strength, 56,120 lbs. = 59,890 lbs. per sq. in. 

Elongation in 10 ins., 3.06 ins. = 30.6 per cent. Elongation 
of inch sections, .23, .27, .27, .39, .27, .25, .24, .24, .24, .21 in. 

Area at fracture, 1.47 X .30 in. = .441 sq. in. Contraction of 
area, 52.9 per cent.. Appearance of fracture, silky. 


‘ 
738 
: @'8 
B10 | 
e @ @ OF 


TESTS OF RIVETED JOINTS. 


of 
458 


pitch 


Crilled holes. 


Wo, 8575, 


Gross sectional area of plates, 7.05, and net sectional area, 5.73 
sq. ins. Bearing surface of rivets, 6.17, and shearing area, 17.25 
sq. ins. Gauged length, 20 ins. 

At 29,000 Ibs. per sq. in., scale started off plate; elongation, 
.0335 in. At 30,000 lbs., the elongation was .0407, and the set, 
.0218 in. Tensile strength, 51,205 lbs. per sq. in. 

Fractured plate 2 across outside row of rivet holes, extending 
to the end rivet of the second row. 

Maximum stress on joint, in lbs. per sq. in.: 

Tension on gross section of plate, 51,205, and on net section, 
63,000. 

Compression on bearing surface of rivets, 58,510, and shearing 
on rivets, 20,930. 

Efficiency of joint, 85.5 per cent. 


Lane of fracture. <F 6. 


Wo. &5LE. bs. 


24 7H drilled holes. 


Gross sectional area of plate, 9.93, and net sectional area, 8. 55 
sq. ins. Bearing surface of rivets, 6.43, and shearing area, 17.25 
sq. ins. Gauged length, 20 ins. 
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740 TESTS OF RIVETED JOINTS. 


At 25,000 Ibs. per sq. in., scale started off rivet heads, outside 
row ; elongation, .0298 in. At 26,000 lbs., scale started off plate; 
elongation, .0327 in. At 30,000 lbs., the elongation was .0445, 
and the set, .0234 in. 

Tensile strength, 51,088 lbs. per sq. in. 

Sheared three rivets and tore plate across rivet holes in each 


row. 

Maximum stress on joint, in lbs. per sq. in.: 

Tension on gross section of plate, 51,088, and on net section, 
59.330. 

Compression on bearing surface of rivets, 78,900, and shearing 
on rivets, 29,410. : 

Efficiency of joint, 85.3 per cent. 


: 
2 
i 


«NA1TNOOUS,, 'N 


7 
j 


TRIAL OF THE BROOKLYN. 741 


CONTRACT TRIAL OF THE U. S. ARMORED 
CRUISER BROOKLYN. 


By Passep AssISTANT ENGINEER W. C. Herbert, U. S. N. 


The Brooklyn is a twin screw armored cruiser of about 9,270 
tons displacement. She was built by the Wm. Cramp and Sons’ 
Ship and Engine Building Company of Philadelphia, Pa., from 
Government designs, the contract price being $2,986,000, of 
which it was estimated that the machinery would be $986,000, 
the remainder being hull and fittings. Proposals for the con- 
struction of this cruiser were issued on September 28, 1892, bids 
were opened on December 15, 1892, and the contract awarded 
on February 11, 1893. The contract requirement as to speed 
was that the vessel should maintain a speed of 20 knots for four 
consecutive hours on a displacement of 8,150 tons and with an 
air pressure in the fire rooms not exceeding 2} inches, it having 
been further stipulated that a premium of $50,000 should be paid 
to the contractors for every quarter knot made in excess of this 
requirement, and that a penalty of $50,000 should be exacted 
from them for every quarter knot deficiency. 

By the successful completion of the speed trials on August 27, 
1896, the builders received a premium of $350,000. 


HULL. 


The hull is built of mild steel, which, like everything else in 
the vessel, is of domestic manufacture. Between frames Nos. 35 
and 82, or the space occupied by the machinery, the transverse 
frames are spaced 4 feet between centers, and forward and abaft 
this space, 3.5 feet. The flat keel is made of two thicknesses, the 
outer plate of 25 and the inner plate of 23 pounds per square foot. 
The vertical keel is 42 inches deep from frames Nos. 6 to 96, 
tapering down forward and abaft these points; it is of 20 pounds 
per square foot amidships for 68 frames and of 17} pounds for- 
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ward and aft of this. The outside hull plating varies from 23 
pounds per square foot for one-half the length of the vessel amid- 
ships to 21.5 and 20 pounds forward and aft of this. The inner 
bottom is made of plates varying from 12} to 18 pounds per 
square foot. 

The ship is divided into 242 water tight compartments. 
There is a double bottom, 3 feet 6 inches deep amidships, divided 
into 13 water tight compartments, and extending from frame 
No. 22 to frame No. 82 and about 29 feet outboard. There isa 
cofferdam on each side, 3 feet 6 inches wide, extending the whole 
length of the ship between the protective and berth decks. This 
cofferdam is filled with cellulose at a density of 7.5 per cubic foot. 
The transverse and wing bunker bulkheads are carried through 
the cofferdams and divide them into water tight compartments. 

Inboard of the cofferdams there is a passageway on each side, 
two feet wide and extending from frames Nos. 35 to 82. Below 
the protective deck, there is a wider passageway on each side of 
the engine and boiler compartments. Both sets of passageways 
are divided into smaller compartments by the transverse water 
tight bulkheads, and thus form practically an extension of the 
double bottom. At each extremity of the vessel, several com- 
partments are used for trimming tanks. 

Hold.—In the hold abaft the engine compartments and forward 
of the boiler compartments are 5-inch and 8-inch magazines and 
shell rooms, fixed ammunition rooms, store rooms and trimming 
tanks. 

After Platform.—On the after platform are fixed and small arms 
ammunition and handling rooms, air compressor, blower room, 
store rooms, steering engine and gear. 

Middle Platform.—On the middle platform, between frames 
Nos. 53 and 57, are the 8-inch turret turning engines, 8-inch shell 
rooms, 5-inch magazines and ammunition hoist. 

Forward Platform.—On the forward platform are coal bunkers, 
dynamo rooms, ammunition handling room, air compressor, store 
rooms and trimming tank. 

Orlop Deck.—On the orlop deck, beginning forward, are store 
rooms, anchor gear, and fresh water tanks; coal bunkers, blower 
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and distiller rooms, 8-inch turret turning machinery, the passage- 
ways and cofferdams, and aft more store rooms. 

Berth Deck.—On the berth deck are the sick bay and dispensary 
forward, the living quarters, the engineers’ workshop, distiller 
room, and four torpedo tubes. 

For pumping and drainage there is a 14-inch main drain on 
the port side and a 73-inch secondary drain on the starboard 
side. Sluice valves, worked from the deck, allow the passage of 
water from one compartment to the other. The auxiliary pumps 
having bilge suctions draw from the secondary drain pipe. Valve 
boxes in the forward fire room and after engine room give pump 
connections to all the compartments and trimming tanks. 

There are 36 coal bunkers above the protective deck holding 
735 tons, and 19 bunkers below the protective deck holding 
altogether 958 tons. Total bunker capacity at 43 cubic feet per 
ton, 1,693 tons. 

In order to give more fore-and-aft fire to the 8-inch guns in 
the midship turrets, the sides of the Brooklyn tumble home, as 
shown in the sectional views. 

The following boats are carried : 


I 33-foot steam cutter. 

1 30-foot steam cutter. 

2 30-foot whale boats. 

1 30-foot whale boat gig. 
I 33-foot sailing launch. 
1 30-foot barge. 

4 28-foot sailing cutters. 
2 20-foot dinghies. 


2 Balsas. 

Length between perpendiculars, feet and inches...............:secceceeeeeeeeees 400-6 

over all (including rudder), feet and inches................cseceeeeeeees 402-73 
Beam, extreme, and at L.W.L., feet and inches ............. conmeeeetedenteiate 64-8} 
Depth in hold from top of main deck beams to top of floor, feet and inches, 33-10, 
Draught, forward and aft, seagoing trim, feet.............cccsececeeceececeeceees 24 
Displacement, seagoing trim (load draught), tons............ eanaseagceessdiens es 9,271 


per inch, at L.W.L., tons......... 


— 
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Area of immersed midship section, square feet..............ccceecsecseeseecevees 


Center of gravity of L.W.L. plane, aft of midship section, feet and inches, 4-2} 
buoyancy above bottom of keel, feet and inches....................4. 13-11} 
aft of midship section, feet and inches..................6.. 1-2} 
gravity above bottom of keel, feet and inches.....................00+ 24-4} 
Transverse metacenter above center of buoyancy, feet and inches............ 13-44 
Longitudinal metacenter above center of buoyancy, feet.................00c000 425 
Coefficient of fineness on extreme 


ARMOR. 


The protective deck armor over the machinery space consists 
of two courses of 14-inch steel plates. Forward and aft of this, 
the total thickness of the two plates is not less than 2} inches. 
The protective deck extends the whole length of the ship. 
Glacis plates, 3 inches thick, are fitted around the engine hatch. 

The side armor is 3 inches thick, and extends from 4 feet above 
to 4 feet below the 24-foot water line for a length of about 192 
feet opposite the engine and boiler spaces. The barbette armor 
of 8-inch turrets is 8 inches thick, with a thickness of 4 inches 
where not exposed. The turret armor is 5} inches thick, se- 
cured to a backing plate of 20 pounds per square foot. The side 
armor, turret armor and barbettes are of harveyized nickel steel. 

The armor of the 5-inch gun sponsons is 4 inches thick and 
the splinter bulkheads, 1} inches thick. The secondary battery 
protection is 2 inches thick. : 

The conning tower and shield are of forged steel, 7} inches 
thick ; from the center of the conning tower an armor tube, 5 
inches thick and 12 inches in internal diameter, runs down into 
the forward handling room. 


ARMAMENT. 


There are eight 8-inch guns mounted in pairs in four turrets. 
The guns in the forward and after turrets have an angle of fire of 
290°, or 145° on each side of the bow and stern. 
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The midship guns have an angle of fire of 180° from right 
ahead to right astern. There are twelve 5-inch rapid fire guns 
mounted in sponsons on the gun deck. There are, in addition, 
twelve 6-pounders, four I-pounders and four machine guns. The 
I-pounders and machine guns are mounted on the rails and in 
the tops. 

The ammunition is supplied by electric hoists, ten in number. 
There are four above-water torpedo tubes, two on each side, for 
firing Whitehead torpedoes. The air compressors are of the 
Rand Drill Co.’s three-stage type, and, together with the accumu- 
lators, are situated in the forward and after handling rooms. 


MAIN ENGINES. 


There are four vertical, direct acting, three cylinder, triple ex- 
pansion engines, placed one in each of four separate water tight 
compartments, connected by five water tight doors, one on each 
side in the athwartship bulkhead, one in the fore-and-aft bulk- 
head between the forward compartments, and two in the fore-and- 
aft bulkhead between the after compartments. All these doors 
are on a level with the working platform. The starting gear is 
inboard. 

There are two engines on each shaft and, in place of the dis- 
connecting coupling fitted on the Mew York, there are four taper 
coupling bolts, the coupling being of the ordinary disc kind. 

The I.P. and L.P. cylinders are fitted with steam jackets, the 
space left around the working linings being ? inch. The H.P. 
cylinder liners are secured at the top by countersunk steel bolts. 
The LP. and LP. liners are left free to expand at the top, the 
joint being made by a packing ring and packing. The valves 
are all of the single ported, piston type, made of cast iron, one 
for the high pressure and two each for the intermediate and low 
pressure cylinders. The low pressure valves are balanced by 
making the upper ends 1} inches larger in diameter than the 
lower, the live steam being between the ends. The other valves 
are fitted with balancing pistons, connected above with the 
condensers. The valve gear is of the double bar Stephenson 
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link type. The cut-off can be varied from about .5 to .7 of the 
stroke by means of a slot in the reversing arm. 

Reversing is effected by a Cramps’ steam reversing gear, 
which consists of a steam lift secured to one of the engine frames, 
and connected to an arm on the reversing shaft. The lifting 
piston is operated by a piston valve which is controlled by a 
floating lever, receiving motion at one end from the hand lever, 
and a reverse motion at the other from a pin on the crosshead, 
so that the piston moves and stops with the hand. The diameter 
of the reversing cylinders is 14 inches, and the stroke 1g inches. 
The reversing gear of both engines on one shaft can be operated 
by one lever in either engine room, or at the door between the 
engine rooms ; or either forward or after hand lever may be dis- 
connected from the others. Each engine has a detachable hand 
reversing gear, which consists of a hand wheel, worm shaft, 
pinion and rack attached to a separate arm of the reversing 
shaft. 

Each engine is fitted with a disc stop valve, having a screw 
stem and a balancing piston, and a butterfly throttle. The former 
is 12%, and the latter, 14 inches in diameter. The main pistons 
are of cast steel, dished, and fitted with two packing rings, each 
$ inch wide and ? inch deep, and the followers are grooved. 
The crank and wrist pins are fitted with slab brasses, the former 
brasses as well as the eccentric straps being lined with Parson’s 
white metal. The eccentric straps are made of composition. 
The crossheads are of forged steel, bolted to cast steel shoes, 
faced with Parson’s white metal. Thecrosshead pins are 7 inches 
in diameter and 8 inches long, with a 23-inch hole. 

The engine frames are of the inverted Y-type, of cast steel, 
two for each cylinder; each frame is made in two sections which 
are bolted together in the vertical plane. Cast on the inside of 
each frame are ribs and facings to which the cast iron crosshead 
guides are bolted. The space between the frame and the guide 
is used for water circulation. The bed plates are of cast steel of 
I-section, each in three sections, bolted together. The bed plates 
of forward engines are fitted like a pillow block and its wedge, 


TRIAL OF THE BROOKLYN. 747 


so that the forward shaft may be adjusted to the after engine shaft 
whenever the bearings wear down. 

The exhaust passages between the steam chests and to the 
condensers are all formed by external composition pipes. There 
is a copper expansion joint next to the condenser in each main 
exhaust pipe. The main steam pipes, which are made of copper, 
are reinforced with }-inch steel bands at intervals of six inches. 
An oil pump is placed in the port after engine room, discharging 
to a distributing oil tank in each forward engine room. From 
this tank, pipes are led to the different parts of the engines. 

The main engine stop valves and the main boiler stop valves 
and safety valves can be operated from the berth deck. 


diameter of H.P., starboard, forward, inches, 31}%...... all others.. 
I.P., port, forward, inches, 463}.............. all others.. 4643 
L.P., starboard, forward, inches, 714§.............. 
L.P., port, forward, inches, aft.. 7148 
Valves, diameter of (2)'and TP. (2), 16 
Balance pistons, diameter of 4 
Area of main steam pipe, each engine (12 inches), square inches............... 113.10 


exhaust pipe to I.P. cylinder, each engine (14.5 inches), squareinches, 165.13 
L.P. cylinder, each engine (20 inches), square inches, 314.16 
condenser, each engine (24.5 inches), square inches, 471.43 


Volume swept by H.P. piston (mean), per stroke, cubic feet...................4. 18.53 
I.P. piston (mean), per stroke, cubic feet....................005 40.36 
L.P. piston (mean), per stroke, cubic feet..................000 98.91 
Clearance of H.P. cylindef, per cent...... 23.25 
I.P. cylinder, per cent...... 22.41 
L.P. cylinder, per cent....... 
Connecting rods, length between centers, inChes..............cseceeeeeeceecseeeees 84 


diameters and thickness, inches...............sscesereceeees 6} and 8 x 6} 
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Shafting and Bearings.—The crank, thrust and forward sec- 
tions of the propeller shafts are of forged steel; the after sections 
of the propeller shafts are of nickel steel. The crank shaft of 
each engine is in three sections, the cranks being bolted to each 
other at angles of 120°, and the sequence for ahead motion 
being H.P.,1.P. and L.P. The two engines on each shaft are 
coupled with the H.P. cranks opposite each other. The after 
couplings of the L.P. crank shafts are of the same dimensions as 
those of the after engines. The couplings are fitted with tapered, 
headless bolts, and split pins over the nuts. There is no shaft 
alley, the thrust shaft coupling direct to the after section of crank 
shaft of the after engine. 

The propeller shafts are in two sections. The forward section 
is covered between couplings by a composition casing ; the after 
section is covered where it passes through the strut bearing. 
‘The two sections are connected to each other by plain disc 
couplings. The coupling between the propeller and thrust shafts 
is as follows: The starboard or forward end of the propeller 
shaft is fitted with a forged steel sleeve, 15 inches long, secured 
to it by three steel keys. Aft of this coupling, there is a groove, 
six inches wide and one inch deep, cut in the shaft. In this 
groove a collar, made in halves, is fitted, its outside diameter 
being the same as that of the coupling. There is a coupling 
disc forged on the after end of the thrust shaft. This disc, the 
collar, and the keyed sleeve are secured to each other by nine 
34-inch steel through bolts. 

Where the propeller shafts pass through the couplings forward 
and the propellers aft, the 11-inch hole is reduced to 4 inches in 
diameter. 

Each thrust bearing pedestal is of cast iron of the horse shoe 
pattern. The end and side walls of the pedestal form an oil 
trough inside of which, both forward and abaft the horse shoes, 
is a composition bearing lined with white metal for taking the 
weight of the shaft. The cap of this bearing is of cast iron, lined 
with Parson’s white metal. The collars are made of a mixture 
of cast iron and steel, lined with white metal, and can be adjusted 
by brass nuts on steel side rods, the latter being 3? inches in 
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diameter. The pedestal is bolted to a cast-iron sole plate fitted 
with wrought-iron wedges at each end of the pedestal for adjust- 
ing the bearing fore and aft. 

The crank shaft bearings have only bottom brasses, the cast- 
steel caps, as well as the lower brasses, being lined with Parson’s 
white metal. Water circulation is provided through crank shaft 
bearings, crosshead guides and under the thrust bearing. 


Crank shafts, outside and inside diameters, forward engines, inches.... 134 and 6 
after engines, inches,........ 17 and7 
coupling discs, outside diameter, forward engines, inches, 254 
after engines, inches..... 304 
thickness, forward engines, inches.......... 3 
after engines, inches,............. 4 
coupling bolts, taper 1 inch in 1 foot, smallest diameter, 
24 
journals, outside diameter, forward engines, inches........ 134 
after engines, inches.,........... 15 
length of each section, forward engines, inches............. 86, 112, 131 
after engines, inches.,..............++ 100, 112, 86 
Crank pins, outside and inside diameters, forward engines, inches...... 134 and 6 
after engines, inches.......... 17. and 73 
length, forward engines, incheS.......0:..scccscsscscsesceresssvess 17 
Crank webs, width, forward engines, inches,..............2..cececeseeeeeeeeee 15 
thickness, forward engines, inches..............scecseseeeeeeees 9 
diameter and thickness of forward coupling disc, inches, 304 and 4 
eollara, nemiber enacts 12 
distance between, 
surface, total for both engines, square inches................ 3,628.54 


Propeller shafts, outside and inside diameters, forward sections, inches, 18 and II 
after sections, inches..... 17 and II 


diameter of coupling discs, inches ..............e0eceeeeeees 304 
length, forward sections, about, feet and inches......... 33-0 
after sections, about, feet and inches ............ 38-10} 
Stern bracket bearing, length, 34 
25 
Stern tube bearing, length, forward, inches..............-.2:eceeeeeeeeeneeeees 25 
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Main Condensers—The main condensers, one for each engine, 
are made of cast brass, each in five sections, including the water 
chests. The water circulates through tubes. Brass baffle plates 
are fitted to direct the steam over the tubes, and plates are pro- 
vided for supporting the tubes and also to act as baffle plates. 
The tube sheets are made of rolled brass, 1 inch thick. The 
tubes are packed with cotton tape set up by screw glands, and 
are spaced 43-inch between centers. 


Diameter of shell, inside, feet and inches,................ccccecccsccoccecccccceceees 5-9 
Cooling surface, one condenser, square 5.425 
Ratio of total cooling surface to total heating surface...................c0c0c0008 Ito 1.54 


Main Air Pumps.—There is one double, vertical, single acting 
Blake air pump for each main engine, fitted with the Blake valve 
gear. Both pumps on one side are connected to both condensers 
on the same side with intervening straightway valves, and exhaust 
into either the condensers or the I.P. or L.P. valve chests. The 
pumps are connected by a beam pivoted at its center. The beam 
receives its motion through links swinging from a crosshead on 
the pump and piston rods at each end. The pumps deliver into 
the feed tanks. 


of steam Cylinders (2), 12 
Number of foot valves (vulcanized rubber), each pump cylinder................. 10 
hacket and delivery walwes, 8 
Diameter of foot, bucket and delivery valves, inches.................c0.ceeeeeeeeee 53 
Area of valves, each, square inches,..... 13 
Ratio of volume swept by L.P. piston, per stroke, to that of air pump buckets, 


Ratio of volume swept by one L.P. piston (mean) to that of the two buckets 
of one air pump per minute, on full power trial, starboard, 128.47.....port.. 149.06 
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These air pumps are of the same style as fitted on the New 
York, Columbia, Minneapolis and other ships, and their successful 
working has been described in previous reports of trials. 

Main Circulating Pumps—There is a centrifugal, double inlet 
circulating pump for each condenser, arranged to draw either from 
the sea, from the bilge of its engine room, or from the main 
drainage pipe. The sea and bilge injection valves are fitted with 
a safety lock, so that both cannot be open at the same time. 
The circulating pumps are driven by horizontal, simple, single 
cylinder, direct acting engines. 


Diameter of steam cylinders, 12 


Auxiliary Condensers.—There is in each after engine room a 
Wheeler condenser connected with the auxiliary exhaust pipes, 
and of sufficient capacity for one-half of all the auxiliary ma- 
chinery. Each has a horizontal combined air and circulating 
pump, the steam cylinder being between the water cylinders, and 
all the pistons being on one rod. The tubes are arranged and 
packed as in the main condensers. 


Cooling surface, one condenser, equate 800 
water cylinder (circulating), 12 


Screw Propellers.—The propellers are of manganese bronze, 
and are three-bladed, true screws. The blades are bent back and 
are adjustable from a pitch of 19 feet 6 inches to 22 feet 3 inches. 
The hubs are spherical and fitted with conical tail pieces. The 
starboard propeller is right, and the port one left handed. 


Pitch, as set on trial, starboard, feet, 19.98.............se.cscoceseccscescseees port., 20.01 


Helicoidal area for one screw, square feet...............csesecssescseeessscessesees 
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Disc avea for one screw, square 231 82 
Immersion of center at mean trial draught, feet and inches ..................... 13-74 
Center above lowest point of keel, feet.............:..cssscoscccsssseccscesoccsesceseas 8.5 


Speed Indicators.—In each after engine room there is a mechan- 
ical device for indicating the speed of both main shafts. Each 
indicator is fitted with two indices pivoted at the center of a 
graduated disc, and connected by shafting and gearing, one to the 
starboard, and the other to the port main shaft. The pointers are 
so geared that they have a much slower speed than the main shafts, 
and the graduations on the disc are numbered for revolutions of 
the main shafts, so that the number of graduations traversed by 
the indices per minute indicates the speed of the engines. The 
indices are also so arranged that they can be set together at any 
time and the relative speeds of the two engines ascertained. It 
' is proposed to fit electro-dynamic speed indicators to register in 
the conning tower and chart house. These indicators have 
shown very successful tests, a movement of the pointer having 
been shown when the engines were turned by the turning engines. 


BOILERS. 


Steam is supplied from five double ended and two single ended 
steel boilers, all 16 feet 3 inches in diameter. Four of the double 
ended boilers are 18 feet, and the fifth, 19 feet 114 inches in 
length. The single ended boilers are both g feet 5 inches long. 

The working pressure of all boilers is 160 pounds per square 
inch. There are four Fox’s corrugated furnaces in each end of 
each double ended boiler and four in each single ended boiler. 

The boilers are all below the protective deck and placed in 
three water tight compartments, separated by two athwartship 
bulkheads. Two double ended boilers are placed in the forward, 
and two in the after compartment. In the middle compartment, 
the larger double ended boiler is on the port side, and the two. 
single ended, placed back to back, are on the starboard side. 

There is one smoke pipe for the boilers in each compartment. 
These pipes are square at the base and pass into a circular sec- 
tion about 9 feet above the protective deck. The part passing 
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through the protective deck is 3 inch thick. The usual armor 
bars are fitted inside. The upper parts of the pipes are stayed 
to each other and to the ship by two rows of fore-and-aft guys 
and athwartship guys fitted with turnbuckles. The principal 
feature of these pipes is their height, the top of each pipe being 
100 feet above the level of the grate bars. The Brooklyn is the 
first ship of our Navy to be fitted with the tall smoke pipes, and 
the results of the trial trip show that the increase in the height 
of the smoke pipes relieved matters in the fire room very much, 
the necessary steam pressure being maintained without running 
the air pressure up to the 24-inch limit. 

The longitudinal shell seams of the boilers are treble riveted 
with double butt straps. Joints of boiler heads and shell seams 
are double riveted, and the other circumferential seams are lap- 
ped and treble riveted. The front and back heads of all boilers 
are curved at the top; the radius for the double ended boilers 
being 3 feet 10 inches, and for the single ended boilers, 3 feet 2 
inches. 

The boiler tubes are of charcoal iron, lapwelded and drawn. 
The ordinary tubes are swelled to 21% inches external diameter 
at the front ends. The back ends are expanded in the tube sheets 
and beaded over. The stay tubes are reinforced at both ends to 
an external diameter of 2% inches. They are then swelled to 
24 inches at the front ends. They are screwed into both sheets, 
the front ends being made tight by the taper screw, and the back 
ends, by expanding and beading. Cast-iron ferrules, 14 inches 
in internal diameter, are used to protect the ends of the stay tubes 
in the combustion chambers. 

The furnaces are fitted with Cone’s patent cast iron shaking 
grates. There are 8 grate bars in each furnace of the main 
boilers, each bar extending the whole length of the furnace. 
They rock on lugs on the front and back bearers and on projec- 
tions on the middle bearers, and can be easily renewed without 
hauling fires. 

The boilers are fitted with a steam circulating apparatus, and 
the internal feed pipes are arranged to distribute the feed water 
throughout the boilers. 
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DOUBLE ENDED BOILERS. 


Length, feet and inches, four of 18 and one Off.............:seceeseeeeeeeeeee 
Thickness of shell and top heads, inches..................ccecececeeeecececeees 
heads, bottom, inch 

tube sheets, inch 

Combustion chambers, 4 in each boiler, thickness, inch 

Furnaces, greatest internal diameter, feet and inches...................0000+ 
least internal diameter, feet and inches..................ce0eeeee0e 

length of grate, feet and inches, smaller boilers, 6-4, larger, 

number in each boiler, corrugated...............ssssceceesseeeeees 

length between tube sheets, feet and inches, smaller boilers, 6-6, 


Diameter of rivets in shell sheets, inches................ccececesseceecceseeees 
screw stays between backs of combustion chambers, inches, 

lower braces, 

braces around each lower manhole, inches... 


Heating surface, tube, square feet, smaller boilers, 4,594......... larger.. 
furnace and combustion chambers, square feet, smaller 

total square feet, smaller boilers, 5,436.......... larger.. 

Grate surface, square feet, smaller boilers, 168.6.............00.00+ larger.. 


over bridge walls, square feet 

height above lowest grates, feet 

Diameter of boiler main stop valves, inches 
auxiliary stop valves, 


SINGLE ENDED BOILERS. 

Length, feet and inches 
‘Thickness of shell and top heads, inch 
heads, bottom, inch 

tube sheets, inch 


3 of 13 
from head to back tube sheets, inches, .2 of 24, 6 of 2 


5,286 


890 


6,176 


173.2 
25.85 
19.67 

7-25 

123.84 
100 
Io 


19-11} 
16.25 
13} 
ts 
vs 
23 
84 
3-8 
3-4 
6-6 
8 
2} 
larger 
3t 
34 
13} 
10 of 23 
2 of 2 
= 
7 
| 9-5 
16.25 
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Combustion chambers, boiler... 2 
Furnaces, greatest internal diameter, inches..................cecceeeeceeeeeees 424 
least internal diameter, 40 
length of grate, feet and inches...............0cccccsccsssssescecess 6-4 
number in each boiler (corrugated )...............ccceeceeseeeeeees 4 
length between tube sheets, feet and inches.....................2000- 6-4} 
number of ordinary (BW .G. NO: 466 
Diameter of rivets in shell sheets, 
Pitch of screw stays, inches, horizontally, 7}..............:00e00+ vertically.. 7 
Number and diameter of through upper braces, inches..................0+ 10 of 2} 
lower braces, 3 of 
braces from head to back tube sheets, inches, 6 of 2 
furnaces and combustion chambers, square feet.......... 421 
over bridge walls, about, square feet...............cscscssosesceesecscees 6.4 
Number and diameter of safety valves (2 on one base), inches............ 20f 5 
Diameter of boiler stop valves, inches................scsccsssececscereececeeeee 74 


TOTALS FOR ALL BOILERS. 


furnaces and combustion chambers, square feet.......... 5,100 
sven through: tabes 00. +153 tor 
total area of smoke pipes............... 1.26 tol 


Forced Draft.—The closed fire room system is used, there being 
in each fire room two Sturtevant blowers, each driven by a double 
engine. The diameter of the steam clyinders is 5 inches and the 
stroke is 4 inches. The diameter of the fan is 60 inches and its 
width, 18 inches. 
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Feed Pumps.—There are three main and four auxiliary Blake 
feed pumps in the fire rooms. Both the main and auxiliary feed 
pumps are so connected that any pump will supply any boiler, but 
there is no connection between the main and auxiliary systems. 
There are also independent connections with the feed tanks. Two 
of the engine room pumps are connected with the feed tanks and 
main feed systems. These pumps are also arranged to draw from 
the channel pipes of the main condensers. The main feed pumps 
draw from the feed tanks only, and deliver to the boilers only. 
The auxiliary feed pumps draw from the tanks, the bilge, the 
secondary drains, the boilers and the sea, and deliver into the 
boilers, the fire main and overboard. 

The following table gives the number and sizes of main and 
auxiliary feed pumps. The dimensions of the cylinders and the 
stroke are in inches and the capacity in gallons :— 


| | 
| Steam | Water 


No Purpose | eyltentor. Stroke. | Capacity. 


Feed Tanks.—There is in each forward engine room, a feed 
tank of a capacity of about 2,130 gallons. The tanks are fitted 
with an overflow valve and sight funnel, an automatic valve in 
the internal suction nozzle, and perforated partitions for the ap- 
plication of filtering material. There are also grease extractors 
in the main feed pipes of each group of boilers. These extractors 
are similar to large Macomb strainers, the basket or perforated 
internal chamber being filled with filtering material, by-pass 
valves and pipes and hinged cover bolts being provided to facili- 
tate overhauling. 

Steam Traps.—The separators, radiators, jackets, steam coils 
in the ship’s coppers, the steam tables in the pantries, and the 
drains of the main and auxiliary steam pipes are fitted with Kieley 


= 
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standard steam traps. These have been found to work very 
satisfactorily under exacting conditions. 

Fire, Bilge and Water Service Pumps.—In each forward engine 
room, there is a vertical duplex double acting Blake pump, 12 x 
7 x 12, which draws from the feed tanks, main condensers, sea, 
bilges, main and secondary drainage pipes and compartments, 
and delivers into the boilers, overboard and to the fire main. 
In each after engine room, there is a vertical duplex double 
acting Blake pump, 12 x 7 x 12, which draws from the crank 
pits, bilges, sea, main and secondary drainage pipes and indirectly 
from the compartments, and delivers into the fire main and over- 
board. In each engine room, there is a vertical duplex double 
acting Blake pump, 6 x 4 x 7, which draws from the sea and 
delivers into the water service pipes and the fire main. 

Turning Engines.—In each engine room, there is a double cyl- 
inder vertical, simple engine, with cylinders 7 inches in diameter 
and a stroke of 7 inches, secured to the engine frame, for turning 
the main engines, It operates on a worm wheel on the line 
shaft through bevel gears and a worm. The worm is made to 
slide on a feather key, and is held in place by a collar below and 
a removable key above it. A double pawl ratchet is fitted to 
the shaft of this engine for turning by hand. 

Other Auxiliary Machinery.—In each fire room hatch, there is 
a Williamson double cylinder ash hoisting engine, operated by 
a wheel outside of the bulkhead. Each engine is capable of 
hoisting 300 pounds from the fire room floor to the deck in five 
seconds, with a steam pressure of 60 pounds per square inch. 

In each engine room hatch, there is a two-cylinder Sturtevant 
blower engine, with 4-inch cylinders and a stroke of 3 inches. 
The face is 48 inches in diameter. The blowers for ventilating 
the ship are situated, two in a compartment abaft the after engine 
rooms, and two forward above the protective deck, making four 
in all. Each is driven by a two-cylinder engine, with cylinders 
5 inches in diameter and a stroke of 4 inches. 

On the gun deck forward, there is a two-cylinder vertical 
windlass engine. On the spar deck, there are horizontal two- 
cylinder winches made of a special “low” pattern, so that the 
guns will clear them when the turret is turned. 
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Amidships, there is a boat crane on each side, each driven 
by a two-cylinder vertical engine. On the after bridge, there is 
a boat boom engine with two drums, one for the topping lift 
and the other for the hoisting purchase. This engine is also a 
two-cylinder vertical engine, driving the drums by worms. 

Turret Turning Engines.—The forward and starboard turrets 
are turned by electricity, the port and after turrets, by steam. 
The steam turning engines are double vertical engines, with cyl- 
inders 8 inches in diameter and a stroke of 7 inches. Each 
engine has a 23-inch piston valve, the travel being 14 inches. 
The eccentrics are set at right angles to cranks. The crank shaft 
is 3 inches in diameter. The engines are secured to the bulk- 
head, and turn the turret tube by means of gears and worms. 
They are capable of turning the turret at the rate of one revolu- 
tion per minute with the guns run out and the vessel heeled 10 
degrees, with a steam pressure of 100 pounds per square inch. 
At a recent trial, the steam gear worked slightly better than the 
electric gear, but the result of the rivalry between the steam 
turned turrets and electrically turned turrets has no doubt been 
beneficial, as the present steam gear is believed to work much 
better than any steam turning gear that has been used in our 
Service. 

The steam gear is worked by a lever in the sighting hood; this 
lever, by appropriate mechanism inside of the ammunition tube, 
moves a change valve on the engine. The “follow up” gear has 
been abandoned, and the automatic stop, which is necessary to 
prevent the turret going too far, is provided by cams which are 
fastened to the bottom of the revolving turret tube. As the turret 
nears its extreme position, the cams are brought to bear against 
a fixed arm connected to the valve gear. These cams close the 
valve gradually, and the turret will stop at the same point, regard- 
less of the speed of rotation. 

All ammunition hoists are electrical. 

Telemotor.—To take the place of the wire rope or shafting which 
controls the steering engine, there is fitted an electrical steering 
telemotor. This electrical gear, in case of accident, can be 
thrown out. 
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Refrigerating Machinery —An Allen dense air ice machine of 
a capacity of 1 ton per day is fitted. The scuttle butt water is 
kept cool and there are refrigerating rooms for officers and crew. 

Workshop Engine—The power tools in the engineer’s workshop 
are driven by a vertical, single-cylinder engine; diameter of 
cylinder, 8 inches, stroke, 8 inches. The following machine tools 
are installed. One back geared screw cutting lathe with 24 
inches swing over the ways and 16} inches over the carriage, 
and taking 4 feet between centers. One 14-inch screw cutting 
lathe to take 40 inches between centers. One column shaping 
machine of 12 inches stroke and 30 inches traverse. One double 
geared drilling machine with screw feed, capable of drilling from 
3 to 1} inch holes and 12 inches from edge of work. One small 
drilling machine for hand and power, and a combined hand 
punch and shears. 

Distilling Apparatus.—There are two distillers and two evapor- 
ators. The evaporators have straight tubes of brass which are 
expanded into the tube sheets; the back chamber is of cast iron 
and comes out with the tubes. The test of the evaporating 
plant showed its capacity to be 11,808 gallons per day. The 
temperature of the distilled water was 85, and of the sea water, 
65 degrees Fahrenheit; the average steam pressure in tubes 
was 8o, and in the shell, 34 pounds per square inch. The rated 
capacity of the plant is 10,000 gallons of potable water per day 
at a temperature of not more than go degrees Fahrenheit. 

The following pumps are fitted in the evaporator room. (1) 
Single-acting evaporator feed pump, diameter of steam cylinder, 
4} inches, and of water cylinder, 2? inches, the stroke being 6 
inches. (1) Duplex trap suction pump, diameter of the steam 
cylinder, 2 inches, and of water cylinder, 1} inches, the stroke 
being 2} inches. (1) Compound circulating and fire pump, 
diameters of steam cylinders, 6 and 12 inches, and of water cylin- 
der, g inches, the stroke being 12 inches. This pump can be 
worked high pressure if so desired. (1) Tandem fresh water 
and brine pump, diameter of steam cylinder, 4 inches, and of 
each water cylinder, 23 inches, the stroke being 5 inches. 

Electric Plant.—For electric lighting, there are three generating 
sets made by the General Electric Company, Schenectady, N. Y. 


4 
AS 
q 
| 
a i 
q 
—.. 
| 
4 


760 TRIAL OF THE BROOKLYN. 


In each set there is a 32-kilo-watt, compound wound dynamo 
of the multipolar type, having a capacity of 400 amperes at 80 
volts. The engines driving the dynamos are two-cylinder vertical, 
inverted; diameter of cylinder, 12} inches, stroke, 5 inches. 
The crank shaft and armature shaft are connected by a rigid 
coupling. The engines are designed to run, with full load, at 
400 revolutions per minute with 80 pounds steam pressure. 
The bed plate is common to both engine and dynamo. 

For the motors turning the forward and starboard turrets, 
there is a special generating set, made by the same company, 
consisting of one double cylinder, vertical, inverted engine, with 
cylinders 12} inches in diameter and a stroke of 5 inches, and 
two 24-kilo-watt, multipolar dynamos on the same shaft. The 
switch boards are so arranged that the dynamos for the electric 
light service can be switched on to the turret motors in case of 
a break down of the turret dynamo. 

There are 750 incandescent lights in the ship, nearly all of 
16-candle power, a few of 32-candle power being used in signal 
and running lights. Of these 750 lights, 166 are in the engine 
and fire rooms. 

There are four search lights having 30-inch projectors. They 
are mounted on stands, two forward and two aft. Each one of 
these lights requires a current of 90 amperes at 50 volts. 

A small dynamo is fitted to take the place of the electric battery 
on bell circuits in case of failure of the latter. Telephones and 
voice tubes are fitted to connect the different parts of the ship 
with each other or to the central station. Electric telephones, 
engine telegraphs, range indicators for the guns, transmitters of 
orders and other electric devices are fitted. 


WEIGHTS. 

Weight of all machinery, including water, tons..................:scecsececeeeceeceees 1,543 
reciprocating parts, H.P. piston, pounds.................:cceeeeeeeeeeceees 826 

connecting rods, pounds, one, 3,153....... ihree.. 9,459 

crossheads, pounds, one, three,, 3,120 


The bunkers are fitted with steam fire extinguishing pipes. 
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The following is a list of engines on board the Brooklyn with 
the number of steam cylinders. 


4 Main engines, 
4 Air pumps, 

4 Circulating pumps, 

2 Auxiliary condenser pumps, 
4 Water service pumps, 

4 Fire and bilge pumps, 

4 Turning engines, P 
4 E. R. ventilating blowers, . 
7 Feed pumps, 

2 Fire room blowers, 

I 
I 
I 
I 
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6 Ash hoists, 
Ice machine, 
Workshop engine, 
4 Distiller and evaporating pumps, 
Windlass engine, 
2 Boat cranes, 
3 Winches, 
2 Turret turning engines, 
Steering engine, 
4 Dynamo engines, 
4 Ship’s blowers, 
1 Oil pump, . , 
2 Steam launch engines, 
81 


FN WOON A HA WY 


Much of the descriptive matter is taken from the report on the 

trial trip of the U.S.S. Mew York, by Passed Assistant Engineers 

E. R. Freeman and M. A. Anderson, U.S. N., which was printed 
in the JouRNAL on page 613 of Vol. V. 


OFFICIAL SPEED TRIAL. 


The official speed trial took place on Thursday, August 27, 
1896, on the measured course off the New England coast, between 
Cape Ann and Cape Porpoise. The weather was fine and the sea 
smooth, making the conditions most favorable. The first run over 
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the course was made in I hour, 54 minutes and 42.52 seconds. 
The turn, made without change in the speed of the engines, occu- 
pied 20 minutes and 53.85 seconds. The return run was made in t 
hour, 52 minutes and 26.34 seconds. A tidal correction applied 
to the 83-mile course, reduced the latter to 82.953 nautical miles. 

The machinery worked smoothly and without water on any 
journal, except that circulating through the bearings. Indicator 
diagrams were taken every half hour from each main cylinder, 
and once an hour from the main air and circulating pumps. No 
difficulty was found in keeping the steam pressure up to the 
desired point without running the blowers at too high a speed. 
The ease with which the steam pressure was maintained was no 
doubt due, in a great measure, to the high smoke pipes. All 
boilers were in use and under forced draft. The coal used was 
Pocahontas of good quality. 


DATA OF TRIAL. 


Draught, at beginning of trial, forward, feet and inches..................... 21-6 
mean, feet and inches.............ccccccseeee 21-10} 
Displacement at above draught, tons............ccccccccccsssccsssccesccesscssses 8,150 
Area of immersed midship section, square feet.............cccccceeceeseeeeeees 1,225 
I.H.P. (A), per 100 square feet of wetted surface ..............ccessseeeeceeee 62.18 
at 10 knots, reduced in 
ratio of 3.5 power.. 5-91 
Slip, mean of both propellers, per cent.............c0cesoorccescoscnssesevevsens 18.67 
Speed? area immersed midship section + I.H.P. 702.55 
SYNOPSIS OF STEAM LOG AND RATIOS. 
Starboard. Port. 
Revolutions per minute, main engines.............csceesceeseees 136.2 136.9 
mean of both engines.,...........++. 136.55 
Piston speed, fect; per 953-4 958.3 
Steam pressure, boilers, per gauge...........sssssecsseeseseseeees 158.3 
Vacuum in condensers, inches of mercury................-..0+ 25-5 24.9 
Cut-off in decimals of stroke from beginning, H.P........... 74 74 


LP. and L.P. -7O -70- 


TRIAL OF THE BROOKLYN. 763 
Starboard. Port. 
Double strokes of air pump, per minute..................0.00008 10.25 8.87 
Revolutions of circulating pumps, per minute.................. 169.7 175.4 
Temperature in degrees Fahrenheit, engine room............. 100.3 100.2 
62 
122.7 114.8 
feed 125.9 
Revolutions of blowers per minute, fire rooms (12)........... 590 
engine rooms (4)........ 401 
Air pressure in fire rooms, inches of water..................06+8 2.26 
Mean effective pressures in cylinders, forward engine, H.P.. 61.09 60.2 
S359 29.9 
L.P.. 14.49 13.31 
after engine, H.P..... 56.49 62.47 
29.95 
14.09 14.61 
equivalent reduced to L.P. piston, forward engine.. 40.53 37-4 
after engine....... 38.32 39-32 
both engines...... 39.42 38.36 
1,557-24 1.489.66 
collective, four main engines,...............0.ssceeeeeeee 18,248.28 
PUMPS, TWO 8.21 8.34 
circulating pumps, two each side.................2.00+6 37.42 40.62 
collective, all main engines, air and circulating 
blowers, forced draft 269.06 
75.65 
collective, main engines, air and circulating pumps, 18,342.87 
(B), all machinery in operation............ 18,769.62 
Ratio of volume swept by L.P. piston of one engine (mean) 
to that of the two buckets of one air pump, per minute... 128.47 149.06 
1.H.P. (B), per square foot Of 18.47 
-56 
cooling 81 


per ton of machinery (total weight of 1,543 
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MARINE BOILERS, PARTICULARLY IN REFERENCE 
TO EFFICIENCY OF COMBUSTION AND HIGHER 
STEAM PRESSURES. 


By J. R. VicE-PRESIDENT. 


[Read before the Northeast Coast Institution of Engineers and Shipbuilders in 
Cardiff, on June 25, 1896.] 


As each year passes, the development in marine engineering 
so progresses that, at the present day, we have reached that high 
standard of efficiency which makes it difficult to realize how 
further economy can be obtained without a material increase in 
the boiler pressure. 

Past experience shows that no essential development in the 
marine engine has taken place without considerable hesitation, 
time to perfect detail, and isolated trials proving beyond question 
such alterations were productive of economy. The introduction 
of the “compound,” followed by the “triple,” in each case took 
considerable time to develop before they became universal; the 
“quadruple” at the present day is quite the exception, and it is 
difficult to realize how it can become the accepted engine with- 
out a material increase in the working pressure. Not only en- 
gineers, but shipowners are much concerned as to the solution 
of this problem, and particularly, if we are to go to higher 
pressures, what is to be the accepted type of boiler; nor need we 
be surprised at this, when we consider the controversy taking 
place as to the various merits or demerits of the water tube type. 

Is this increase in pressure to take place, or are we to accept 
180 pounds to 200 pounds as the limit? Have we not at each 
marked increase in pressure over and over again heard the old 
argument, increased pressure means increased temperature, with 
all the attendant difficulties, repackings, oils, leaky joints, boiler 
troubles, &c., eloquently expounded, but of what avail? Is it not 
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an inherent characteristic of the engineer to go ahead? One 
might as well try to push back the tide as prevent the engineer 
in his march of progress. Material progress cannot be made 
without failures, and well that it is so, for experience so gained 
builds up, as it were, a solid foundation on which to establish 
ultimate success. 

The greatest difficulty in the past has been the manufacture 
of suitable boilers to meet the requirements of increased pressure. 
Demand and necessity for high quality material has been met 
by the energy and vigorous activity of the steel maker. Capable 
machines, suitable and able to deal with any thickness of plate 
and diameter of rivet, are obtainable, and the furnace manufac- 
turers have kept well abreast of the times. Although under 
these circumstances we can construct boilers with tightness and 
absolute safety to withstand any working pressure, yet we must 
not overlook the fact that a boiler has other functions than the 
mere certainty of being able to stand an enormous bottled-up 
pressure. It is of vital importance that a boiler should be con- 
sidered an apparatus whose essential functions are :— Evaporation 
and combustion; the rate of evaporation depending upon the 
efficiency of combustion and heat generated. 

We may reasonably assume increased boiler pressure looms 
in the near future, and although it is impossible to foresee to 
what pressures we may ultimately go, yet 250 pounds to 280 
pounds may be considered within the bounds of probability ; it 
thus becomes of the utmost importance to consider whether the 
present type of cylindrical return-tube boiler with circular 
furnaces is the most efficient as an apparatus for combustion, 
generation of heat, and transmission of that heat to the water. 
It is freely admitted this type of boiler has been, and is, up to 
certain pressures, the most simple, the most “ get-at-able,” and 
serviceable marine boiler of any type introduced ; but does this 
hold good for higher pressures ? 

The important objections seem to be weight, thickness of 
plate, particularly such places as are heating surface, heavy 
close staying, and especially small diameter of furnaces. The 
writer is well aware small furnaces are occasionally used, but 
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this is usually due to some peculiar necessity, and not from choice. 
Neither the Board of Trade nor Lloyd’s rules prevent the use of 
fairly large furnaces of the corrugated or ribbed types under high 
pressure, but the necessity for keeping the diameter of the boiler 
shell as small as possible, to avoid exceptional thick plates and 
additional weight, &c., necessitates the use of furnaces of small 
diameter. 

All engineers of practical experience fully appreciate the 
efficiency of large furnaces, and this is readily understood if we 
consider what takes place when fresh coal is thrown on the fire 
of a furnace in active condition. The coal at once absorbs heat, 
which disengages the bituminous hydrocarbon constituents by 
volatilization, or, in other words, generates the gaseous portion 
of the coal by distillation. Until this process is completed the 
fixed carbon or coke is not consumed. Volatilization is the 
most cooling process in nature, due to the quantity of heat which 
is directly converted from the sensible to the latent state. It is, 
in particular, due to this cause that heavy firing is so disastrous, 
and should be carefully avoided. As the hydrocarbon gases are 
volatilized by the first application of heat and pass off, hydrogen 
having a greater affinity than carbon for oxygen, readily unites 
with oxygen to the production of water—steam. The carbon 
thus liberated must be supplied with its necessary proportion of 
oxygen to the production of carbonic acid, otherwise it will be 
precipitated in an extremely divided state and pass away as 
smoke, or, if from various causes the supply of air to the gases 
should be exceptionally small and badly distributed, carbonic 
oxide will be produced with serious loss in the amount of heat 
generated. For carbon consumed to carbonic acid evolves 
14,500 units of heat, which, if consumed to carbonic oxide, 
would yield 4,400 only. Although carbonic oxide may be pro- 
duced under exceptional conditions yet, fortunately, it does not 
appear from the analysis of funnel gases to be generally present, 
and when present it is usually in inappreciable quantities. 

To ensure complete combustion to the generation of heat, it 
is essential that not only shall the air supply be sufficient, but 
that it shall be properly distributed in such manner as will 
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readily facilitate completion of the combustion of the hydro- 
carbon gases as they leave the surface of the fire, as well as the 
fuel on the bars. This question of air supply is one of consider- 
able difficulty, and has exercised the ingenuity of many capable 
men. This difficulty is materially increased by reducing the 
diameter of the furnace, and thus the height above the fire.* 

It is of material importance that the necessity for maintaining 
at high temperatures the hydrocarbon gases as they are evolved 
should be thoroughly understood. Hydrogen effectively unites 
with oxygen at not less than 600 degrees Fahr., and carbon with 
oxygen at not less than 800 degrees Fahr. The higher they 
exceed these temperatures within certain limits the more readily 
they unite and the less surplus oxygen required. Volatilization 
being the most cooling process in nature, it is imperative the 
greatest consideration be given to raising the temperature of the 
hydrocarbon gases as they are evolved, that they may immedi- 
ately take up and unite with the necessary oxygen to complete 
combustion and generation of heat. 

Perhaps in this respect the most serious difficulty to overcome 
is that great bugbear—heavy firing. Unfortunately, this appears 
inevitable where the manipulation of the fires is left to the capri- 
cious and prejudicial bias of the stokehold. Large quantities of 
coal thrown on the fire at once reduces the temperature, and fre- 
quently to such a degree that the gases evolved cannot take up 
the oxygen required, and thus they pass away, forming the huge 
volumes of smoke so commonly seen immediately after firing. 

The smaller the furnace the greater the evil, in that the furnace 
crown is very much closer to the fire; in fact, without very careful 
and judicious firing—and where will you find it in the ordinary 
mercantile marine ?—the surface of the fire is so close to the 
crown that immediately the gases are evolved they come in con- 
tact with the crown plate; and if we consider that at 250 pounds 
pressure, the temperature of the water, and hence the plate is, 
say, 400 degrees Fahr., we at once realize the deleterious effect 
this must have in keeping the temperature of the evolved gases 


* See the writer’s paper, “* Combustion of Coal and Prevention of Smoke,” read 
before this Institution, November, 1892. 
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far below that necessary to complete combustion. Again, the 
smaller the furnace the less the sectional area above the fire, and 
thus the velocity of the gases leaving the furnace require to be 
considerably increased; moreover, this velocity is greatly aug- 
mented by the necessity to largely increase the consumption per 
square foot of grate, due to the small grate area obtainable. 

To obtain this necessary high velocity of the gases a lofty 
funnel with high temperature of the escaping gases must be 
used, or some system of induced draft. High velocity of the es- 
caping gases is, in many respects, a most objectionable feature. 
Time is an essential element in the completion of combustion, 
in the union of carbon with oxygen, and in the transmission of 
heat to the water. At this high velocity, the temperature of the 
gases as they escape from the tubes into the uptake must be 
abnormally high. True, much of this heat may be utilized in 
various ways, but it is a costly process. 

There is another important feature which does not appear to 
have attracted sufficient consideration, namely, the gases of com- 
plete combustion do not transmit heat by radiation, but by 
conduction. The sectional area through the tubes, being in all 
cases larger than the outlet from the furnace, facilitates the gases 
passing from the furnace at high velocity into the tubes in the 
most direct course without coming in close contact with the 
large heating surface of the combustion chamber ; and probably 
the suction draft may be so great, when large quantities of 
coal are burnt per square foot of grate, as to draw the whole of 
the gases through the lower rows of tubes, leaving the top rows 
useless. 

In Fig. 1, the writer has endeavored to depict the course 
gases of high velocity, due to excessive funnel or induced draft, 
will probably take when passing from the furnaces into the tubes, 
and from which it will be seen that practically a large percentage 
of the combustion chamber heating surface is rendered of little 
or no use, due to the inability of the gases to transmit their heat 
other than by conduction. 

It would appear as though many of the objectionable features 
referred to are obviated in the water tube boiler. Of course 
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there are water tube boilers and water tube boilers, as there are 
in most other things, some to be entirely avoided, others specially 
designed and satisfactory for certain purposes only. 


Fic. 1. 


For the purpose of this paper, a type of water tube boiler 
known as the Babcock and Wilcox is given in Fig. 2. The 
writer has selected this particular boiler as one that he is some- 
what acquainted with, and suitable to the requirements of the 
ordinary mercantile marine. He specially desires to say that 
he has not selected this boiler in detriment to other types of 
water tube boilers, but principally because he has evidence of its 
success, as fitted in several steamers, in confirmation of which 
he gives the following: Mr. Alexander Gray, consulting engineer, 
Newcastle-on-Tyne, who has under his supervision four steamers 
fitted with Babcock and Wilcox boilers, informs the writer they 
are giving the greatest satisfaction both as to consumption and 
endurance; in fact, the results are so satisfactory that they are 
specified to be fitted in two new steamers now building. The 
writer having received the following letter from Mr. J. Spear, 
superintending engineer to Messrs. Wilson, Sons and Co., Hull, 
ventures to give it 2 extenso, believing it will be considered most 
interesting : 
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“Dear Sir: I believe we were the first in this country to try 
Messrs. Babcock and Wilcox’s water tube boilers in a sea-going 
steamer; this was over three years ago in our S. S. Nero. This 
boiler is running quite satisfactorily, and the ship has not lost a 
day for boiler repairs up to the present. A few tubes in the feed 
water heater have been renewed, and probably the whole of them 
will require renewal shortly, as they appear to corrode very 
rapidly. In the boiler proper only one or two tubes exposed to 
the fire have been renewed at a trifling cost. About twelve 
months ago we fitted a new steamer, the Hero, with a pair of 
! boilers by the same makers, but somewhat modified in details, 
no heater was fitted, and the tubes were larger in diameter. We 
} have had considerable trouble with the bottom row of tubes in 
| these boilers, and in consequence of this, in a third ship, the 
S. S. Cameo, which we have had fitted with Babcock and Wilcox 
| boilers, we have reverted to the smaller tubes—slightly larger 
| than the Vero’s, and up to the present no tubes have given way, 
| neither have any repairs been required to these boilers. 

} 


“As regards consumption there is not much either way; com- 
paring the S.S. Hero, Nero and Cameo with our most economical 
forced draft and ordinary boilers, they fall slightly short, but 
still give as good results as ordinary averages with the ordinary 
| boilers. 

“1 think the direction in which economy in consumption is to 
| be sought for in the water tube boilers, is in the arrangement of 
| baffles over or amongst the tubes, so as to properly utilize the 
) heat that frequently too easily goes up the funnel. 

) “We have, as you are probably aware, one steamer fitted with 
four Belleville boilers. We have not been fortunate in our ex- 
| perience with these, but perhaps this has been from causes other 
than the design, although it is certain that the Belleville boiler 
is more difficult to clean and repair than is the Babcock and 
Wilcox, whilst with us the consumption has been greater with 
the Belleville than with the Babcock and Wilcox. 

“ Yours truly, &c.” 


In the Babcock and Wilcox type of boiler, we have a large 
grate area suitable to the best conditions for complete combustion. 
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The furnace is supplied with two doors sufficiently large to facili- 
tate the distribution of the fuel, and at that convenient height 
which gives the fireman complete charge over his shovel, a 
matter of no small importance, particularly with untrained men. 
By firing at each door intermittently, you have always one side of 
the furnace incandescent when the other is being fired, and thus 
the hydrocarbon gases evolved are readily heated up to the 
necessary temperature to their union with oxygen to complete 
combustion and generation of heat. The height of the lower row 
of tubes above the fire offers a great advantage for the supply 
of air to the surface of the fire. 

The writer is not aware whether the following arrangement 
has been tried, but it would appear to offer some advantages :— 
Say, for a distance equal to one-third the length of the grate, 
specially designed slabs of fire brick be suspended to the under 
side of the bottom row of tubes, or otherwise fixed. As the fire 
burns down and becomes a mass of incandescent coke, the fire- 
brick would store up a considerable amount of radiated heat, 
which in its turn would be given off in heating up the early 
gases as they are evolved to complete combustion and produc- 
tion of heat. Such an arrangement would necessitate placing 
the coal principally at the front of the fire and pushing it back 
on the grate after the gases were given off. It will be seen by 
the drawing, Fig. 2, that provision is made to deflect the gases 
in their passage through the boiler. This is one of the most 
important features of the water tube boiler, and due to this not 
being appreciated in the earlier types, was undoubtedly respon- 
sible for much of the loss of efficiency in those boilers, as the 
gases of combustion passed direct from the fire to the funnel 
without coming sufficiently in close contact with the heating 
surface. There is no doubt the most efficient position in which 
to place these deflectors is open to some argument. Whether 
they should be horizontal or vertical, viz., in a line with, or at 
right angles to, the tubes is debatable. Horizontal deflectors 
offer convenient shelves for the accumulation of soot and small 
ashes, &c. 

The writer in his forced draft trials had strong practical evi- 
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dences of increased efficiency by keeping the gases passing 
through the boiler under slight compression. Take the case of 
the S. S. Jona, one of the steamers tested by the Committee of 
the Institution of Mechanical Engineers, and under the writer's 
supervision, and fitted with his system of forced draft. During 
the whole of the trial the damper in the funnel was only one- 
sixth open; this gave just sufficient compression to bring the 
gases into intimate contact with every square inch of heating 
surface, both in the tubes and in the combustion chambers, to 
the greatest advantage in the transmission of heat, as shown by 
the low temperature of the funnel gases. From frequent trials, all 
other things being the same, the difference in maintaining steam 
with the damper full open and only open one-sixth was most 
marked. It will be readily understood this closing of the damper 
cannot be utilized with natural draft. It is more than probable 
the application of some such system of slightly compressing the 
gases in water tube boilers would do much to improve their effi- 
ciency and obviate the necessity for deflectors and baffles, which 
in itself would be a considerable improvement. 

In a paper of this limited description it is impossible to con- 
sider the mechanical structure and the many details necessary to 
an efficient boiler, and which must very largely determine the 
type of boiler of the future. There is no doubt the present type 
of boiler, if it does die, will die hard, due to its well-earned popu- 
larity, and in all probability it will only be the demand for higher 
pressures that will kill it. The writer feels he has left much un- 
said, in fact, that he has only touched the fringe of this important 
subject, yet he hopes sufficient material will be found to promote 
useful discussion, for, after all, the greatest value of a technical 
paper is not so much the subject-matter it contains as the discus- 
sion it promotes and the ventilation of different opinions. 


DISCUSSION. 


Mr. J. Gravell said it would be agreed that for higher pres- 
sures of steam than were used in the boilers of steamers at the 
present time, they would necessarily have to look forward to a 
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system of boilers which possessed strength, together with a 
moderate thickness of materials, and this led them unmistakably 
towards the adoption of some sort of water tube boilers. So far, 
the water tube boilers in use on board steamers had not been an 
unqualified success, especially as regarded economy in fuel, but 
this did not mean that the present system of water tube boilers 
could not be improved upon, and he had no doubt that means 
would soon be devised to remedy that defect and to make the 
water tube boilers as economical, or more so, than the ordinary 
boilers now in use. 


Mr. W. Reavell said that the sea trials were expected soon of 
a third steamer, the largest vessel of the turret type yet built—the 
Norman Isles—which was also fitted with Babcock & Wilcox 
boilers. There were also two other turret ships in course of con- 
struction, which were also to be fitted with these boilers. With 
regard to that portion of the letter sent by Mr. Spear which 
referred to the heater in the boiler of the Mero it should, of 
course, be pointed out that the heater was not a necessary com- 
ponent part of the Babcock & Wilcox water tube boiler, but was 
fitted in this case for experiment. The type of heater used in 
the boiler of the Mero merely consisted of a series of tubes 
placed above the boiler itself, resting on the horizontal tubes, 
and so arranged that the water was pumped through the tubes 
of the heater on its way to the boiler. The trouble which was 
referred to in the letter occurred very soon after the boiler was 
first put to work, but this was remedied by the fitting of zinc rods 
inside the lower tubes of the heater. They considered that the 
fitting of zinc rods in feed water heaters was quite sufficient to 
make tubes in the heaters last as long as the tubes in the boilers. 
There was another point touched upon both in Mr. Spear’s letter 
and Mr. Fothergill’s paper to which he should like to ‘refer. 
Engineers very frequently compared the water tube boiler with 
the Scotch type, p/us forced or induced draft. That, he thought, 
was a little unfair, because any type of forced or induced draft 
added to a boiler of the Scotch type could be just as well added 
to the boiler of the water tube type. It should be judged on its 
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merits independently of the efficiency of the boiler itself. That 
was to say, if they wished to compare the types of boilers, it was 
only fair to take the boilers themselves without any forced or 
induced draft. Or if they wished to compare them with forced 
draft, let the same type be put on to each, and make the condi- 
tions exactly the same. In the latter part of his paper, Mr. 
Fothergill discussed the question of baffles, and expressed the 
opinion that all that was needed to make water tube boilers as 
satisfactory as the best type of Scotch boiler was to see that the 
baffles were so arranged as to get every part of the heating sur- 
face made effective, or else to have a slight compression in the 
furnace and around the tubes so that the gases touched every 
portion of the heating surface. The difficulty of ensuring that 
all the heating surface is used applies equally to boilers of the 
Scotch type; note for example the growing use of Serve tubes 
and retarders. The lines which Mr. Fothergill went on, with 
regard to the /ova were possibly the correct ones. Mr. Alex- 
ander Gray had also devoted some attention to this question. 
In some experiments on two turret ships with Babcock & Wil- 
cox boilers all the baffles amongst the tubes were removed: in 
one case, restricting the draft area at the top of the boiler over 
the top horizontal tubes as much as possible, making it just 
sufficient to enable the boilers to give the steam freely that was 
required. In the other case, the baffles which were fitted on the 
tubes in different positions were increased, and then observations 
were taken to see which was the better method, with the result 
that they could not discover any difference in economical work- 
ing. From the point of view of cleaning it seemed to be an 
advantage to remove the baffles, because they simply formed 
ledges for the accumulation of soot. 


Mr. J. Nodder agreed with the author of the paper in that 
the present type of boiler intended to die very hard. The water 
tube boiler had not got everything its own way yet. In his 
paper Mr. Fothergill stated, “It will bé seen by the drawing 
that provision is made to deflect the gases in their passage through 
the boiler.” Most of them would be aware of some boiler tests 
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recently made at West Hartlepool. They were working at 255 
pounds pressure, and were fitted with Serve tubes and retarders, 
working with the Ellis-Eaves induced draft. The results were 
very remarkable. Indeed, they represented the ideal condition 
of a pound of coal per horse power. That was something to be 
proud of, and it was arrived at by the means recommended by 
Mr. Fothergill of hindering the escaping gases from going into 
the funnel, and so taking the heat with them. The Ellis-Eaves 
system did that. When the water tubular boiler came up to this 
efficiency he would support it, and should be pleased to apply 
to it the Ellis-Eaves system of induced draft and Serve tubes. 


Mr. Reavell, replying to a question, said the weight of a 
Babcock & Wilcox boiler was 50 per cent. less compared with 
an ordinary boiler doing the same work under similar circum- 
stances. 


The discussion was adjourned. 
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THE USE OF RETARDERS IN SCOTCH BOILERS. 
By Jay M. Wuiruam, Eso., MEMBER. 


GENERAL: Spiral retarders, made of sheet iron and inserted in 
the fire tubes of marine boilers, have long been in use, and have 
proven of value in fuel saving. The writer, having completed a 
series of trials without and with retarders in a stationary boiler 
of the horizontal tubular type,* was successful in obtaining per- 
mission to conduct some further trials on the two Scotch boilers 
of the Steamship Winyah of the Clyde Steamship Company, ply- 
ing between Norfolk and Richmond, Va. 


EQUIPMENT OF STEAM PLANT. 


Two Scotch boilers, 10 feet 3 inches in diameter by 11 feet 
long, each having two corrugated furnaces 42 inches in mean 
diameter. Each boiler had 148 tubes, 3 inches in diameter by 
8 feet 1 inch long. The water heating surface per boiler was 
1,051 square feet. The grates being 5 feet 10 inches by 3 feet 
4 inches per furnace, the area was 38.9 square feet per boiler, or 
zth of the heating surface. The air openings in the grate were 
46 per cent. of the entire surface. 

Natural draft was used on the trials, the stack being 60 inches 
in diameter and 55 feet off the grates. 

The triple expansion engine had cylinders 16, 24 and 41 inches 
in diameter by 30 inches stroke, and was connected to a surface 
condenser. The auxiliary pumps and engines usual for such 
steamers were operated on each test. 

The retarders were made of No. 20 iron having a pitch of 6 
feet, or 14 convolutions per tube. On the trial with the retarders 
one was placed in every other tube. 


MANNER OF MAKING TRIALS. 


The trials of the boilers, made without and with the retarders, 
covered periods of 8 and g hours respectively. The coal was 


* An abstract of these trials follows this paper. 
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weighed, an inferior grade of Clearfield, Pennsylvania, bituminous 
coal being used. The engine was indicated every 15 minutes. 
The condensed steam discharged from the hot well to the filter 
box was measured, as was also the water drawn from the tanks 
to provide for leakages. All pressures and temperatures were 
noted at 15-minute intervals. 


RESULTS OF TRIALS. 


The results of the boiler trials without and with retarders may 
be summarized as follows :— 


Items. , Without | With. 


Pounds of water evaporated from and at 212° F. per pound of | 


Boiler or evaporative H.P. developed..............c.ceecsececeeceseeeees | 351.0 | 346.9 
Square feet of heating surface to one boiler H.P...............c00c000+ | 6.00} 6.06 
Temperature of waste gases, degrees F.i..........ccseccseeceeeeeeeeeeees 655 | 585 
Water consumption in pounds from and at 212° F. per hour per 

Pounds of dry coal consumed per hour per engine H.P.............. | 224] 252 

| 


| 


From the above we note the following advantages in using 
retarders : 


Reduction in stack gases, degrees Fahrenheit..................ccececececececececececes 7° 

Increased evaporation per pound of coal, pound,.............ccsecescceeesseeeeceeeee -74 
Saving of coal per boiler H.P. developed, per cent...............ecceceeceseseeeeees 7-94 
Saving of coal per engine H.P. developed, per cent.................scceceeeeeceeees 5-36 


The difference between the last two items is due to the throt- 
tling of the steam at the engine, on the last test, thus reducing 
the effectiveness of the steam in the engine. 


CONCLUSIONS. 


1. Retarders, properly used, effect a saving in the use of coal. 

2. Retarders check the draft, and their use is not advised 
except when it is strong. 

3. Retarders can be best applied when the draft is strong and 
the gases are high in the stack. 
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“THE EFFECTS OF RETARDERS IN FIRE TUBES 
OF STEAM BOILERS.” 


[Abstract of a paper read by Mr. J. M. Whitham before the American Society of 
Mechanical Engineers, and forming part of Vol. XVII of the Transactions. ] 


The trials were conducted on a horizontal tubular boiler, 
rated at 100 horse power, at the Sutherland Avenue station of 
the Philadelphia Traction Company, Philadelphia. The purpose 
of the trials was to ascertain under what conditions, if any, 
retarders in the fire tubes would add to the efficiency of the 
boiler. 

The boiler was 5 feet in diameter and 20 feet long, and con- 
tained 44 tubes, 4 inches in diameter. The grate surface of the 
boiler was 26.7, and the heating surface, 1,137 square feet. 

On certain tests, retarders were used in the tubes. These 
were made of loosely fitting strips of No. 10 sheet iron, running 
the whole length of the tubes, and twisted to a pitch of ten feet, 
or making two entire convolutions in the length of the tube. 
The tests were conducted according to the methods advised by 
the American Society of Mechanical Engineers, and all instru- 
ments used were standardized. Measurements of the steam 
were made by a Barrus’s Universal Calorimeter. The coal and 
water were weighed. Observations, at fifteen-minute intervals, 
were taken of the pressures and temperatures. The coal was 
practically uniform in quality on all the tests, the percentage of 
ash and refuse varying from 8.72 at the slowest, to 4.25 per cent. 
at the highest rates of combustion. 

Variation of Economy with Capacity —The tests showed that, 
by forcing, the 100-horse power boiler, rated on 11.37 square feet 
of water heating surface to the horse power, could easily develop 
over 200 horse power. At its rated power, 3.03 pounds of water, 
from and at 212 degrees Fahr., were evaporated per hour, yet on 
a forced test there was no difficulty in evaporating 7.26 pounds 
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to one square foot, or in getting a horse power on 4.76 square 
feet of heating surface. 

The cost in fuel of a horse power was as follows for the tests 
made without the use of retarders : 


Boiler Pounds dry coal hour 
horse power. to one horse power. 


These results show that there is practically no change in the 
economic workings of the boiler when run at from 50 per cent. 
below to 70 per cent. above its rating, z. ¢., when making a horse 
power an hour on anywhere from 21.7 to 6.7 square feet of heat- 
ing surface. 

The cost of fuel per horse power was as follows for the tests 
made with retarders in the tubes: 


Boiler Pounds dry coal hour 
horse power. to one horse power. 

169.1 : ‘ 3-11 


It is therefore evident that retarders enable a boiler to be run as 
economically on 5 square feet of heating surface to the horse power 
as on 21.7 square feet, or, practically, as on any number of square 
feet between these limits. 


‘ 


THE EFFECTS OF RETARDERS. 781 


CONCLUSIONS. 


1. Retarders in fire tubes of a boiler interpose a resistance 
varying with the rate of combustion. 

2. Retarders result in reducing the temperature of the waste 
gases, and in increasing the effectiveness of the heating surface 
of the tubes. 

3. Retarders show an economic advantage when the boiler is 
pushed, varying in the tests from three to eighteen per cent. 

4. Retarders should not be used when boilers are run very 
gently, and when the stack draft is small. 

5. It is probable that retarders can be used with advantage in 
plants using a fan or steam blast under the fire, or a strong 
natural or induced chimney draft, when burning either anthracite 
or bituminous coals. 

6. Retarders may often prove to be as economical as are 
economizers, and will not, in general, interpose as much resist- 
ance to the draft. 

7. Retarders can be used only with fire tubular boilers. 

8. The economic results obtained on the boiler tested are 
ideal, showing that it was clean, the coal good in quality, and 
the firing skillful. 

With retarders the tubes are more effectively cleaned than 
without their use. 

g. The tests prove that the marine practice of using retarders 
is good, and that the claim, often advanced, that they show from 
five to ten per cent. advantage, holds, whenever the boiler plant 
is pushed and the draft is strong. 
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TRIPLE SCREW VESSELS. 


[Opinion of Professor Carl Busley, German Navy, in his paper on “Our Fleet,” 
Zeitschrift des Vereines Deutscher Ingenieure, August 8, 1896.] 


Much interest will be felt in the fact that the triple screw 
system is to be installed in all our new vessels now building, on 
the battleships as well as on the cruisers, The French have 
also adopted this system to a greater extent in their new vessels, 
the Italians and Americans have it already in use, and now the 
Russians are about to build triple screw vessels. Economic 
results are, unfortunately, not to be obtained by the triple screw 
system, as the Americans first found in their comparison of twin 
and triple screw vessels, and as we have now seen in our thorough 
trials of the Kazserin Augusta. (The principal results of these 
trials were given on page 630 of the August number, but Mr. 
Busley’s table, which contains some additional information and 
differs in some of the figures, is here given.) 

As will be seen by the table, the maximum performance with 
three screws was 21.65 knots and 13,900 I.H.P., the slip of the 
middle screw being 10.49 and of the side screws, 13.8 per cent. 
With the center screw removed, the I.H.P. was 8,822 and the 
speed, 19.3 knots; the slip rose to 18.3 per cent. With the 
center screw replaced and then uncoupled, the speed, with 
almost exactly the same I.H.P., a difference of only 1 H.P., was 
only 18.8 knots, or $ knot less. The slip was 19.4 per cent. 
After the two side screws had been removed and with only the 
center engine working, a speed of 15.2 knots was obtained 
with 3,948 I.H.P., the slip having now reached 28.4 per cent. 
The side screws having been replaced and then uncoupled, the 
speed was 14.6 knots with practically the same I.H.P., while the 
slip reached 32.5 per cent. This great increase in the slip is 
the cause of the rise in the coal consumption at service (?) speed. 
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When using the center screw alone, the coal per hour is 5,201 
pounds, and with the two screws only, it is 5,075 pounds. The 
loss, due to the resistance of the two uncoupled wing screws, is 
thus shown to be greater than the advantage gained by the use 
of the center engine with full pressure over two equally large 
engines working at half pressure only. 

For economy’s sake it would, therefore, be better to steam 
such cruisers with two engines, instead of with only one, as is 
done for practical reasons. 

At the lowest speed, the slip of the center screw rises to 
nearly 40 per cent., and its use alone becomes more inefficient. 

If in spite of all this, triple screw vessels are building as has 
been shown above, there must be weighty reasons to justify such 
a course. This is, in fact, the case, and these reasons are, from 
the navigating, engineering and construction points of view, as 
follows: 

The military or navigating reasons are that, as the blades of 
twin screws usually project far beyond the hull, these vessels 
cannot comfortably lie alongside of a dock or go through narrow 
dock gates, as the striking of the blades against the walls may 
easily happen. Besides, with these projecting screws, there is 
the danger that during an engagement, as for instance, a mishap 
in ramming or running past too closely, a propeller blade may 
be broken off. The center propeller of a triple screw vessel is, 
however, so well protected that it is not exposed to any danger 
of damage. Experience has furthermore taught that twin screw 
vessels, when one of the engines or propellers has been disabled 
by an accident, can only attain ? of their former greatest speed 
with the remaining engine, although the same full boiler power 
is available. But if a triple screw vessel loses one propeller, 
nearly ;9, of the greatest obtainable speed with three screws can 
still be maintained with the remaining two screws. Besides, the 
triple screw vessel will have greater handiness and manceuvring 
capabilities on account of the more favorable location of the 
rudder behind the center screw, an advantage of great import- 
ance in these days of fast steaming. In addition, a triple screw 
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vessel steaming with one engine, needs only one-ninth of its 
total engineer force to run it in three watches. Should such 
a cruiser suddenly be required to go into action, two-thirds of 
the engineer force, perfectly fresh and rested, would be available. 
This is a factor which cannot be too highly estimated, for the 
speed and manceuvring of the cruiser depend on it to a large 
degree. 

The engineering reasons for the use of three screws may be 
summed up as follows: The extreme practicable limit for the size 
of one engine may be placed at about 15,000 I.H.P. This engine, 
to run easily at the necessary high piston speed, must have a 
very long stroke. But, a vertical engine of this description will 
be so high that it will project far above the protective deck and 
make protection impracticable. Three smaller engines, each of 
5,000 I.H.P., which can easily be installed under the protective 
deck on account of their short but adequate stroke, are besides 
preferable, because they do not require such large castings and 
forgings as the single powerful engine. The requisite soundness 
of these parts, and, therefore also, their strength and durability, 
can certainly be more readily detected for the three small engines, 
and they can on this account be put in with greater assurance. 

Finally, the advantages in construction follow from the fact 
that fast ships must have very fine lines aft, so that the water 
may follow to the propellers with the least resistance. The en- 
gines can be installed better in the sharp after body of three 
screw vessels than in similar twin screw vessels, for there is still 
ample room for the third engine in the narrow space abaft the 
other two engines. The whole machinery is moved further aft 
and the shafts may be made shorter. In bad weather, the shafts. 
are, therefore, subject to less bending action than the long ones. 
of twin screw engines. The shafts need not, therefore, be made 
so strong, and a saving of weight results. Finally, in the narrow 
vessels, the engine keelsons, to which the bed plates are secured, 
are closer together. The bed plates need not, therefore, be so 
strong, although offering the same resistance, and a further 
reduction in weight is effected. 


Number of propellers. | T 


(1) Maximum speed.. 


full power. ...... 


(3) Cruising speed..... 


(2) — speed, iy 


(4) Minimum speed... {3 
I 


TRIPLE SCREW 


Slip of pro- 
|pellers, per cent. 
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Remarks. 


| Center | Wing 
| props. 


13.8 | Center propeller removed. 
18.3 | Center propeller uncoupled. 
19.4 Wing propellers removed. 
pre Wing propellers uncoupled. 
snbioe Starboard and center pro- 
pellers uncoupled, 


17.0 | Center propeller uncoupled. 


svsses | Wing propellers uncoupled. 


10.0 
17.0 | Center propeller uncoupled, 


Wing propellers uncoupled. 


9-5 
17.7 | Center propeller uncoupled, 


Wing propellers uncoupled. 


| 
Coal 
burned 
Speed 
j "H.P.| hour, | ‘nots. 
13,898 0447 | 21.6 30.4 | 
2 8,819 18,120 | 18.8 j 
15.2 | 28.4 | 
3,897 94524 | 14.6 32.5 | 
4.491 | 8,267] 14.1 32.5 | 
3| 2119 | 5,512 | 12.54 | 4.6 — 
2] 2,340/ 5,086] 12.51 | ...... 
I 2,305 5,212 | 11.66 | 31.4! 
3 | 966 2,182 | 8.889 5-4 
I 1,052 2,425 9.068 | 31.0 | = 
816 6x | 
35 16 | 5.368} 4.9 
450 «61,014 | 5.732 | 390} 
— 
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NOTES. 


NOTES ON DU TEMPLE BOILERS. 


The following data of Du Temple water tube boilers have been 
taken from an article by Mr. V. Malfatti, engineer, Italian Navy, 
published in the “ Rivista Marittima,” Rome, September, 1896. 
The first three tests were made under full power; the results are 
the means of the observations recorded every fifteen minutes. 
No deduction for ashes has been made in the amount of coal 
consumed: 


Shop number of boiler............ce0ceeeeeeee | 210, 207. | 220. 
hour. | rst hour.| 2d hour. | rst hour.| 2d hour. 

Steam pressure, pounds per squareinch.| 185 | 185 | 185 185 | 198 196 
Air pressure in ash pit, inches............... 2.6 3-15 | 2.72 | 2.76 | 2.6 3-54 
Air pressure in smoke pipe, inches........ -94 1.18 | -16 | +16 | 
Temperature in front of furnaces, de- | | 

72.5 75.2 | 82.4 95 76.1 71.6 
Temperature at the back of boiler, de- | 

102.2 102.2 91.4 | 154.4 107.6 103.1 
Coal consumed per hour, pounds..........| 1,323 | 1,323 1,323 | 1,412 2,205 2,557 
Coal consumed per hour per square foot | 

Of grate, 67.7 67.7 46.91 50.04 58.52 67.86 
Water evaporated, pounds per hour ..... 8,730 8,994 9393 | 9,942 (14,574 16,560 
Water evaporated, pounds per hour per | 
6.6 6.8 7.03 | 7.05 | 6.61 6.48 

ater evaporated, pounds per hour per | } 

square foot H.S...... erare memes 13.52 13.92 10.23 | 10.93 | 10.49 11.92 


Nors.—The temperature of feed water for the first boiler tested was 50° Fahr., for the other 
two 54° Fahr. 


Boiler No. 210 was built in 1894 for the Norwegian torpedo 
boat No. 10, and was tested in November, 1895. The heating 
surface is 645.9, and the grate surface, 19.54 square feet. Ratio 
of H.S. to GS., 33 to 1. The I.H.P. was about 665, and the 
coal per I.H.P. per hour, 2.0 pounds. 

Boiler No. 207 was one of the boilers built for the French 
torpedo boats Nos. 77 to 86, and was tested on February 1, 1896. 
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This type is no longer used. The heating surface is 909.6, and 
the grate surface, 28.2 square feet. Ratio of HS. to G.S., 32.26 
to 1. The I.H.P. was about 718, and the coal per I.H.P., 1.9 
pounds. 

Boiler No. 220 was built in 1895 for a Russian torpedo boat, 
and was tested on February 17, 1896. The heating surface is 
1,389, and the grate surface, 37.68 square feet. Ratio of H.S. to 
GS., 36.86 to 1. The I.H.P. was about 1,232, and the coal per 
1.H.P. per hour, 1.93. 

[Nore.—As the I.H.P. itself was not given and had to be 
deduced from disagreeing ratios, all figures involved by the power 
are only approximately accurate, although the error will be small 
in any case.—EpiTor. | 

The following table gives the weights and their relations to 
various factors. 


Weight, complete, without water, tons............c..eeeeee 4-77 5.69 7.87 
total, ready for steaming, with necessary acces- 
1.H.P. per ton of boiler, with water...............ssssesees 114 107.8 127.8 
square feet of grate surface.............s.s0se0s 34 25.5 32.7 
heating 1,03 89 
cubic foot of space occupied by boilers....... 1.81 1.52 1.48 


A further test was made with boiler No. 220 to determine its 
efficiency with the least combustion of coal. For this purpose, 
the grate surface was reduced to 13.56 square feet. The boiler 
was not covered with a non-conductor. The following are the 
average results of the two hours’ test. 

Steam pressure, 192 pounds per square inch; air pressure in 
ash pit, .04 inch; temperature in front of furnace, 78, and at back 
of boiler, 90° F.; coal burned per hour, 309 pounds; coal per 
square foot of grate surface per hour, 22.79 pounds; water 
evaporated, per hour, 3,141.5 pounds; water evaporated per 
hour per pound of coal, 10.17 pounds; water evaporated per 
hour per square foot of heating surface, 2.26 pounds. 
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APPARATUS FOR TESTING SHIPS’ MODELS AT THE NAVAL CONSTRUCTION 
AND ARMAMENTS CO., BARROW-IN-FURNESS. 


[From “ Engineering,’ London. } 


A new departure in the work of design was made at the estab- 
lishment when the company were asked to construct torpedo 
boat destroyers of 27-knot speed, and the system organized by 
Mr. Adamson is specially interesting in view of its simplicity and 
the large measure of success that has been attained—the margin 
of accuracy comes well within the limits of practical success, and 
this, after all, is as much as can be said of most technical, as dis- 
tinguished from laboratory, experiments. The system is a 
modification of that introduced by the late Mr. Froude; but the 
apparatus is inexpensive, and instead of an inclosed tank, the 
Devonshire Dock is utilized. The experiments were first made 
at Barrow in the winter of 1893, under the direction of Mr. 
George Brown, the assistant chief draughtsman, who has charge 
of the scientific work in the designing department. The data 
obtained were embodied in the design of the three 27-knot destroy- 
ers then built, and were amply confirmed by actual experience 
with the vessels when on trial. This success induced the builders 
to make similar experiments with the model of the later 30-knot 
destroyers. 


Clot, Spring Fine Wire Cord 
with paper 


8 


| Fine Were Grd 


Guide Rod Gude Hod 
Spring 
hg 
he was Fig. 2. 
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The model is run with the assistance of a launch, the speed 
of the launch and of the model bearing a known relation to the 
speed of the full sized vessel, and the mechanism for ascertaining 
the resistance is placed on the launch. The method adopted 
and the recording apparatus are shown by figures 1 and 2. 

It was, of course, inadvisable to tow the model behind the 
launch on account of the disturbance in its wake. A long spar or 
bowsprit was, therefore, rigged over the bow of the launch, the 
length of the projection being sufficient to keep the after end of 
the model about 4 feet in advance of the bow of the launch. 
The model is guided by rods at each end, these rods being free 
to swing fore and aft, while rigid in an athwartships direction. 
The rods hang from the spar into fore-and-aft guide slots of hard 
wood, projecting past the ends of the model. The necessity for 
these will be apparent to any one who has discovered the im- 
possibility of towing a ship or boat in a straight fore-and-aft line 
without the help of the rudder or some other means of steering. 
A model free but for a towline fixed to its extreme fore end will, 
when towed, swerve to one side or the other indifferently, and 
will travel along in a half sidelong fashion. 

The model is towed at the lower end of a long balanced lever, 
the connection being a wire link hooked to the lever, and toa 
bulkhead left in the model when originally hollowed out. The 
lever, left free to swing round its center in a fore-and-aft vertical 
plane, is pivoted at its center on the spar, and its upper end is 
connected to the recording gear by a fine wire cord, which pre- 
vious to using is thoroughly stretched. Exactly half-way 
between the center of the lever and its lower end, another wire 
is connected to the lever and led aft over a pulley on the stern 
of the vessel. From the aft end of this wire is hung a scale pan 
to which is attached a permanent weight to keep the wires tight 
and put a slight initial strain on the spring. This helical spring 
is introduced into the upper wire, and its extension when the 
model is towed gives a measure of the resistance of the model. 
The extensions of the spring are recorded on an exaggerated 
scale on a paper stretched round a drum driven by clockwork. 
The markings are made by a small pen attached to one end of 
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a light wooden lever, the other end being fastened to the wire 
immediately forward ofthe spring. The clockwork is so arranged 
as to give about one revolution of the drum in the time taken to 
pass over the measured distance at full speed. 

To obtain a scale by which to read the extensions of the spring 
in pounds resistance, weights of known specific gravity are placed 
in the scale pan at the stem of the model—two pounds in the pan 
being equal in effect on the spring and pen to one pound resist- 
ance of the model. By marking on the paper the position of the 
pen with different weights in the pan, a scale of pounds resistance 
was obtained. 

When running, the clock is started, and as soon as the 
measured distance is reached, the pen is lowered on to the paper 
on the revolving drum, tracing an oscillating line. The oscilla- 
tions are, of course, partly due to the natural oscillations of the 
spring, and partly to the vibration of the launch and the spar due 
to the beats of the propelling engines of the launch. The mean 
of the oscillations, obtained by integrating with planimeter, give 
the resistance of the model at that particular speed. The results 
are plotted in the form of a curve as resistance in pounds in 
terms of the speed of the model in feet per second. The spots, 
owing to the causes mentioned later, do not give a fair curve, 
but by taking plenty of spots, and running a mean curve through, 
the error is minimized. 

The total resistance, of course, combined two elements—sur- 
face friction and wave making—the relations between these two 
for ship and model following a different law of comparison, and 
being in different proportions. Froude’s experiments give a 
means of calculating the amount of surface friction resistance 
for both ship and model, the residue of the model’s resistance 
being wave making, which, for corresponding speeds, varies 
directly with the displacement, or as the cube of the dimension. 
Dealing with the two parts separately, the total resistance of the 
ship is obtained, which, expressed in foot pounds per minute, 
gives the effective horse power, or horse power actually required 
to drive the vessel at the speed. To this has to be added an 
allowance for the power lost or otherwise used in driving pumps, 
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overcoming friction, etc., an amount which varies with the type 
and speed of engine and propellers, but in a case of this kind 
should not be much more than 40 per cent. of the total indi- 
cated horse power. 

It is not contended that the results so arrived at are absolutely 
correct. With comparatively rough gear in an exposed dock, 
such consistent and steady results were not anticipated as are 
obtained with the elaborate and delicate machinery in use in 
covered-in experimental tanks. The aim was to furnish in the 
case of such unprecedentedly fast craft some independent and 
reliable check on the estimates for power, so as to avoid the risk 
of serious error. As a matter of fact, the results exceeded all 
expectations, particularly in view of the difficulties, and especially 
the fact that the model was run ina large dock in which the water 
is rarely absolutely smooth—a very slight ripple on the dock. 
being, in proportion to the size of the model, a rough sea. It is, 
perhaps, unnecessary to remark that the experiments were only 
made in fine calm weather when the dock was as nearly as 
possible smooth. Again, the fact that no account is taken of 
the effect of the screw propellers on the vessel’s resistance is in 
itself a serious drawback; but it gives a good independent check 
on estimates of power for exceptional speeds, and therein is great 
advantage. 

The launch used has a maximum speed of just over 7 knots, 
which, with a model ;/;th of the full size—the scale used in the 
first experiment—corresponds to a speed of 314 knots for the 
ship. As it was considered desirable in the case of the faster 
destroyers to have results up to a speed of about 35 knots, the 
scale of the new model was made 3;th of the full size running at 
7 knots, this corresponds to a speed of 34} knots for the ship. 
Better results would probably have been obtained with a larger 
model, but the size was restricted by the speed of the launch 
used for towing the model. The speed of the launch was, for 
want of a better method, measured by the time taken to pass a 
known distance, marked on the side of the dock in the usual way 
by two pairs of posts set square off the course. The engines 
were set to the desired speed some time before reaching the 
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measured course, and not touched until the run was over, so as 
to have a constant speed on the run. 


THE YARROW BOILERS. 


Through the courtesy of Messrs. Yarrow & Co., Poplar, Eng- 
land, we are enabled to illustrate their automatic feed apparatus, 
fully described on pages 590 and 591 of the August number. A 
further description of this very simple apparatus, as fitted to the 
Yarrow boilers of the Argentine partially-armored torpedo boat 
Santa Fe, was given on page 609 of the same number. From all 
accounts, this apparatus has worked satisfactorily and is being 
fitted to all the boilers of the sister boats of the Santa Fé, the 
Corrientes, Entre Rios and Missiones. In the cut, the internal 
swivel steam pipe, and the arrangement for raising and lowering 
it, are clearly shown. The suggestion of regulating the feed 
supply by bringing the steam inlet to the donkey down to the 
water level, was made by Mr. Marriner, a member of the staff at 
the Yarrow works. 

The JourNAL is also indebted to Messrs. Yarrow & Co. for the 
cut of the three type boilers for the Dutch cruisers Fries/and, 
Holland and Zeeland. As stated in the description of these 
boilers, pages 406-410 of the May number, Messrs. Yarrow & 
Co. built only three of the twenty-four boilers required for these 
cruisers, the others to be built in Holland from these three as 
patterns. _ Before leaving the works these type boilers were suc- 
cessfully tested to 350 pounds per square inch, 90 pounds above 
the Dutch government requirements. 


GALVANIZING PLANT AND ELECTROLYTIC PROCESS USED BY THE NAVAL 
CONSTRUCTION & ARMAMENTS CO., BARROW-IN-FURNESS. 


[From “Engineering,” London. ] 


The galvanizing bath is 17 feet 6 inches long, 5 feet broad, and 
4 feet deep, containing 75 tons of molten zinc, maintained at a 
temperature of 600 degrees Fahr. Close upon 20 tons of material 
may be galvanized each week. 


«QNV133Z,, GNVY .QNV1TIOH,, SHSSINHYO HOLNG YOs MOUYVA 


& 
at 
OF 
4 


‘ 
4 


FHL OL AZlIddv sv 
OILVWOLNY S.MOMYVA 


NOTES. 793 a 
ZA 
f 
an 
ISSN 3 
\ 
| 
| 
— 
| — 
| — 
| 
| 
4 
| 
q 
| 
| 
—— 
—— 


794 NOTES. 


The electrolytic process, however, is preferred for a consider- 
able part of the galvanizing work, as the temperature—7o degrees: 
Fahr.—has no deleterious effect on the high tensile steel used, 
for instance, in torpedo boat destroyers, whereas in the hot bath, 
plates, especially when previously worked to the form of the ship, 
were inclined to buckle, and in the subsequent straightening the 
galvanizing is apt to scale off. Indeed, the Admiralty now 
specify that such high tensile plates must be galvanized by the 
cold or electrolytic process. The bath in this case has a strong 
solution of sulphate of zinc, and the steel is hung vertically 
between anodes of plates of zinc extending almost to bottom of 
the bath. The electric current is ‘supplied from a 4,000-ampere 
dynamo, working at 5 volts, and driven at 700 revolutions by a 
40-horse power gas engine. The bath is too far from the 
general boiler station in the works for convenient steam leads, 
and gas is more economical for this small power, the price be- 
ing 2s. gd. per 1,000 cubic feet. In both processes the plates are 
pickled in dilute hydrochloric acid—2 parts of acid to 1 of water 
—to remove scale and expose the bare steel. In the electro- 
lytic process the plates have also to be scrubbed after pickling, 
and then dipped in a tank containing a strong solution of soda, 
so that any acid from the pickling tank clinging to the surface 
of the plates may be neutralized before the plate goes into the 
galvanizing bath. 

The electrolytic process has no effect on the temper or set of 
plates, and thus they may be galvanized first and worked after- 
wards without the deposit scaling off. 

The process is best adapted for plating, angles being only 
imperfectly coated in the bosom of the bar, and tubes only on 
the outside. The deposit cannot, in fact, take place on the sur- 
faces which do not face the anode more or less directly. The 
more direct, the better the coating. 

The temperature of the bath need never exceed 70 degrees 
Fahr., and immersion for about 30 minutes is, as a rule, sufficient 
to give the thickness of coating required by Admiralty specifi- 
cations—.86 ounce per square foot of surface. Tubes for water 
tube boilers are galvanized by this process, of course only on the 
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outside. The influence on the preservation of the tube must be 
trifling, as the coating of zinc is probably soon melted off when 
exposed to the flame and hot gases in the boiler. But indirectly 
the process is useful. No deposit takes place in rents and cracks 
in the tubes, and such, even when too fine to be noticed, except 
microscopically, before galvanizing, are shown up clearly after 
immersion in the bath. In fact, tubes passed as sound and per- 
fect before, have frequently been rejected after undergoing the 
process. 


FULL POWER TRIALS OF THE BRITISH MEDITERRANEAN FLEET. 
[From ‘‘ The Naval and Military Record,” London.] 


Last Thursday, the 20th August, the fleet got under way 
shortly after 6 A. M. for the trip from Castellamare to Malta. 
Steam was raised for full speed to enable the quarterly four 
hours’ full power natural draft trial and the 20 hours at three- 
fifths power to be run. As the cruisers required a distance of 
about 400 miles to accomplish these trials, they had to steam 
from Castellamare around the island of Pantellaria, and thence 
to Malta, the Barfleur and Hebe also going the long round, 
whilst the battleships went the course through the Straits of 
Messina. Shortly after leaving Castellamare, on the signal being 
made to go full speed, the majority of the ships commenced to 
work up for the four hours’ trial, evidently with the idea of 
getting it over as soon as possible, and then setting down to the ~ 
more comfortable three-fifths power. The ships soon com- 
menced to “tail out,” the Syéile forging ahead; but during the 
third hour of the trial this ship eased up, having to stop one 
engine, the stuffing box of the intermediate slide rod having 
cracked. Until that time she had been going 19} knots, the 
remainder of the trip being done at 13. This is the second time 
the same mishap has happened to the Sydzlle, being due to ex- 
cessive vibration, there being no guide brackets for the slide 
reds. Neither the Camérian nor Forte did more than 18, though 
the Forte was a bit handicapped by having two defective fan 
engines; of the first class cruisers, the Hawke did far and away 
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the best. Taking several hours to work up to full power, by 
the time the other ships had finished, the Hawke then started 
and went away from everything, averaging 19.6 for the four 
hours, the Zheseus, Gibraltar and Vulcan not doing nearly so 
well. Of the other ships which went the long route, the Barfleur 
did 16} knots and Hede, 16; of the battleships, the Ramillies 
did best, getting about 154 knots. The Scy//a and Astrea, 
which arrived at Malta a couple of days before the main body 
of the fleet, reported 19} and 184, respectively. 

On the whole the trials were not a great success as regards 
speed, none of the ships, with the exception of the Hawke, Scylla 
and Syéille, obtaining their original trial speeds. This was no 
doubt due to want of docking, a good many of the ships, espe- 
cially the Particular Service squadron, being badly in want of 
it. The whole of the ships arrived at Malta the following day. 

The Skipjack, which had done no trial and left Castellamare 
the evening before the fleet, arrived first in the early morning, 
followed at half-hour intervals by all the remaining ships. 
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Alabama, Illinois and Wiéisconsin.—These battleships, 
named on October 28, were before known as Wo. 8, No. 7 and 
No. 9, respectively. Bids for these vessels, described on page 
596 of the August number, were opened at the Navy Depart- 
ment on Monday, September 14. 

The following bids, all on the Department’s plans and specifi- 
cations, were received: 

The Newport News Ship Building and Dry Dock Co., New- 
port News, Va., one ship for $2,595,000. 

The Wm. Cramp & Sons’ Ship and Engine Building Co., 
Philadelphia, Pa., one ship for $2,650,000, and two ships at the 
same rate. 

Messrs. John H. Dialogue & Sons, Camden, N. J., one ship 
for $2,661,000. 

The Union Iron Works, San Francisco, Cal., one ship for 
$2,674,950. 

The Bath Iron Works, Bath, Me., one ship for $2,680,000. 

The contract for building the ///inois, or Battleship No. 7, was 
awarded to the Newport News Co.; for the A/adama, or Battle- 
ship No. 8,to the Wm. Cramp & Sons’ Co., and for the Wisconsin, 
or Battleship No. 9, to the Union Iron Works. 

The designs of the Bureau of Steam Engineering having been 
adopted by all of the builders, the general data of the machinery 
are given here. 

The engines, in two compartments, will be of the vertical, in- 
verted, three-cylinder, triple expansion type, with cylinders 33.5, 
51 and 78 inches in diameter, the stroke being 48 inches. The 
collective I.H.P. of propelling, and main air and circulating pump 
engines will be 10,000 when the engines are making about 120 
revolutions per minute. The cylinders will be arranged in 
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regular order, the H.P. cylinder being forward. Al! main valves 
will be of the piston type, worked by the ordinary double bar 
link motion, there being one 14-inch H.P., two 20.75-inch L.P., 
and four 18-inch L.P. valves for each engine. 

The engine framing will consist of wrought-steel columns 
trussed by wrought-steel stays. The bed plates will be steel 
castings of I-section, supported on the keelson plates. The 
crank shaft will be of forged steel in three interchangeable 
sections, and all shafting will be hollow. The shafts, piston and 
connecting rods, and all working parts generally will be forged of 
open-hearth steel, the thrust, line and propeller shafting having 
nickel added. 

The condensers will be of composition and wrought iron or 
steel. Each main condenser will have a cooling surface of about 
7,000 square feet, measured on the outside of the tubes, and the 
water will pass through the tubes. 

Each main air pump will be double, vertical and single acting, 
worked by two steam cylinders. The two main circulating 
pumps will be independent and of the centrifugal type. 

The propellers will be right and left, of manganese bronze or 
other equivalent metal. 

There will be an auxiliary condenser, of composition, in each 
engine room, each with a cooling surface of 800 square feet, and 
a combined air and circulating pump. 

There will be eight single-ended, four-furnace steel boilers, 
placed in four compartments. The total grate surface will be 
about 685, and the heating surface, about 21,200 square feet. 
The working pressure will be 180 pounds per square inch. 
Each boiler will be about 15 feet 6.5 inches in diameter and 
about g feet 11.25 inches long. The furnaces will be corrugated 
and have an internal diameter of 39 inches. There will be two 
smoke pipes. The closed fire room system of forced draft will 
be used, there being two blowers for each fire room. 

One main feed pump will be placed in each engine room, and 
one auxiliary feed pump in each fire room. 

Besides these, there will be the usual pumps for other 
purposes, steam reversing and turning engines, workshop en- 
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‘gine, a hydraulic pumping plant for various purposes, gun table 
or turret turning engines, distilling and evaporating plant, and 
other auxiliary machinery. 

Oregon.—The following corrections should be made in the 
figures given on page 460 of the August number. Under “ Totals 
for all boilers,” the grate surface should be 616 square feet. 
Under “ Ratios, all boilers,” the first members of the four ratios 
should be 26.65, 30.44, .169 and 4.07, instead of 22.93, 26.19, 
-146 and 3.36. 

The name of the writer of the paper on the trial of this vessel 
should be Leo Morgan. 

Annapolis, Marietta, Newport, Princeton, Vicksburg, and 
‘Wheeling.—These composite gunboats, formerly known as 
Gunboats Nos, 10, 15,12, 13, 17 and 14, respectively, were named 
on October 28. Gundoats ro to 13 are single screw vessels, and 
were described on pages 581 and 804 Volume VII. The 
Annapolis is building by the Crescent shipyard, Mr. Lewis Nixon, 
Elizabeth, N. J.; the Mewport and Vicksburg by the Bath Iron 
‘Works, Bath, Maine; and the Princeton by Messrs. J. H. Dialogue 
& Son, Camden, N. J. 

The Marietta and Wheeling, Gunboats Nos. 15 and 74, are twin 
screw vessels, and are building by the Union Iron Works, San 
Francisco, Cal. They were described on pages 583 and 804, 
Volume VII. 

Torpedo Boat No. 3.—The first one of the three boats, Vos. 
3, 4 and 5, the contract for which was awarded last year to the 
Columbian Iron & Dry Dock Co., Baltimore, Md., was success- 
fully launched on October 1. The bids for these boats were 
given on page 152 of Volume VII. 

These boats have a length, between perpendiculars, of 160 
feet ; beam, 16 feet 1? inches; depth, 10 feet 10 inches; draught, 
mean, normal, 5 feet; displacement at this draught, 142.5 tons. 
The normal bunker capacity is 9 tons, and the total, 44 tons. 
1.H.P., at 412 revolutions per minute, 2,000. Contract speed, 
24.5 knots to be maintained for two consecutive hours. Weight 
to be carried on trial, 24.7 tons. 

The twin screw engines are of the vertical, inverted, four-cyl- 
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inder, triple expansion type, with cylinders 12, 19.25 and 22 (2) 
inches in diameter, the stroke being 16 inches. Piston valves 
are used on all cylinders, there being one 6.25-inch valve for 
the H.P., two 7.25-inch for the I.P., and two 7.25-inch valves for 
each L.P. cylinder. 

There are two water tube boilers, designed by the Bureau of 
Steam Engineering. They are in separate compartments, one 
forward of the forward engine compartment, and the other aft 
of the after engine compartment. The total grate surface is 
95.6, and the heating surface, 5,260 square feet. The working 
pressure will be 250 pounds per square inch. The complement 
will be three officers and twenty men. 

Torpedo Boat No. 6.—This torpedo boat, building by the 
Herreshoff Manufacturing Co., Bristol, R. I., and of which a few 
particulars were given on page 806 of Volume VII, was success- 
fully launched on September g. 

30-knot Torpedo Boats Nos. 9, 10 and 11.—Bids for these 
boats, described on page 599 of the August number, were opened 
at the Navy Department on Friday, September 18. The various 
proposals were as follows: 

The Union Iron Works, San Francisco, Cal., to build one boat 
of about 298 tons displacement, full load, for $227,500. The 
displacement on trial to be about 240 tons, including 35 tons of 
armament, coal, crew and equipment. 

The Bath Iron Works, Bath, Maine, (2) two boats for $194, 
000 each, and three boats for $189,000 each. Displacement, full 
load, about 169.54 tons; on trial, 143.29 tons, including 20.29 
tons of armament, &c. Also a bid (4) for two boats for $235,000 
each. Displacement, full load, 288.9 tons; on trial, 226.65 tons, 
including 26.89 tons of armament, &c. 

The Herreshoff Manufacturing Co., Bristol, R. I., one boat for 
$218,000, two for $209,000 each, and three for $206,000 each. 
Displacement, full load, about 286.4 tons; on trial, 232.14 tons, 
including 26.78 tons of armament, &c. 

Messrs. J. H. Dialogue & Sons, Camden, N. J., (2) one boat for 
$260,000, and two boats for $255,000 each. Also a bid (64) for 
one boat for $275,000, and two boats for $270,000 each. 
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There was also an irregular bid of the Painton Electrical Steam- 
ship and Construction Co., Alexandria, Va., for one, two or three 
boats, to make 35 knots, for $265,000 each. 

In October, contracts for these boats were awarded as follows: 

Torpedo Boat No. i to the Union Iron Works, and Torpedo 
Boats Nos. + and 7g to the Bath Iron Works on their bid (a) 
given above.’ Wo. 9 will be very much like the British Desperate, 
built by Messrs. Thornycroft & Co., fully described on page 182 
of the February number. Jos. zo and 17 will be practically 
copies of the French Cyclone, building by Messrs. Normand & 
Co. The Cyclone will be a modified and improved Fordan, and 
is designed for 32 knots and 3,500 I.H.P. 

Torpedo Boats Nos. 12 to 18.—Bids for these boats, described 
on page 601 of the August number, were opened at the same 
time and place as given above for the 30-knot boats. The bids 
were as follows: 

The Columbian Iron Works, Baltimore, Md., (a) one, two or 
three 20-knot boats for $49,000 each on the Department’s plans. 
(6) One, two or three 20-knot boats on their own designs for 
$45,000 each. (c) One, two or three 22.5-knot boats on their 
own designs for $79,100 each. The following combination bids 
on their own designs were also made: (@) One 20-knot and one 
22.5-knot boat, $124,100 for both. (¢) One 20-knot and two 
22.5-knot boats, $203,200 in all. (/) Two 20-knot and one 
22.5-knot boats, $169,100 in all. ; 

Messrs. Moran Bros. & Co., Seattle, Wash., (a2) one 20-knot 
boat, on the Department’s plans, for $59,840; two boats for 
$58,675 each; and three boats for $56,928 each. (4) One 20-knot 
boat on their own designs, for $58,240; two boats for $57,075 
each; and three boats, $55,328 each. (c) One 22.5-knot boat on 
their own designs, for $99,216; two boats for $96,239 each; and 
three boats for $94,255 each. They also proposed to build, on 
their own designs, (2) one 20-knot and one 22.5-knot boat for 
$155,953 for both. (¢) One 20-knot and two 22.5-knot boats for 
$248,212 in all. (/) Two 20-knot and one 22.5-knot boats for 
$211,234 in all. 

The Bath Iron Works, Bath, Maine, on their own designs, (a) 
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one boat of about the same size as the Department's design of 
20-knot boats, but to have a speed of 22.5 knots, for $85,000; 
two boats for $81,000 each; and three boats for $80,000 each. 
46) One boat of about the same size as the Department's design 
of 22.5-knot boats, but to have a speed of 25 knots, for $131,000; 
two boats for $125,000 each; and three boats for $123,560 each. 

The Herreshoff Manufacturing Co., Bristol, R. I., on their own 
designs, (a) one 20-knot boat for $40,000; and two or three 
boats for $37,500 each, with $1,500 extra for each boat for gal- 
vanizing. (4) One 22.5-knot boat for $84,000; and two or three 
boats for $80,000 each, with $3,000 extra for each boat for gal- 
vanizing. (¢) One, two or three boats, exact duplicates of the 
Cushing built by this firm, for $92,500 each. (d) One boat, same 
design as the Cushing, but built on the specifications submitted 
with bid 4, for $82,500; and two or three boats for $78,500 each. 
They also proposed to build, on their own designs, (¢) one 20- 
knot and one 22.5-knot boat, $120,750 for both. (/) One 20-knot 
and two 22.5-knot boats, $198,750 in all. (g) Two 20-knot and 
one 22.5-knot boats, $157,000 in all. 

The Wolff & Zwicker Iron Works, Portland, Oregon, (a) one 
20-knot boat, on the Department's plans, for $49,000; two boats 
for $47,500 each; and three boats for $45,000 each. (4) A dup- 
licate of the Cushing, one 22.5-knot boat, for $83,800; two boats 
for $79,500 each; and three boats for $75,100 each. On their own 
designs, (¢) one boat for $85,839; two boats for $81,546 each; 
and three boats for $77,150 each. 

The Providence Steam Engine Co., Providence, R. I., (a) two 
20-knot boats on the Department’s plans, for $51,600 each; and 
three boats for $48,650 each. 

Mr. Lewis Nixon, the Crescent Shipbuilding Co., Elizabeth, 
N. J., on his own designs, (a) one 20-knot boat for $69,000; and 
two boats for $68,000 each. 

The Charles Hillman Ship and Engine Building Co., Phila- 
delphia, Pa., on the Department's plans, (2) one 20-knot boat for 
$48,500 and two boats for $48,000 each. 

Messrs. J. H. Dialogue & Son, Camden, N. J., on the Depart- 
ment’s plans, (a) one 20-knot boat for $69,250 and two boats for 
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$68,500 each. On their own designs, (4) one 22.5-knot boat for 
$120,000 and two boats for $115,000 each. 

Messrs. George Lawley & Son, South Boston, Mass., on their 
own designs, (a) one 20-knot boat for $61,500, two boats for 
$57,625 each, and three boats for $56,835 each. (4) One 22.5- 
knot boat for $83,500, two boats for $80,000 each, and three 
boats for $78,800 each. For a larger size, (c) one 22.5-knot boat 
for $102,000, two boats for $98,000 each, and three boats for 
$97,000 each. They also proposed to build on their own designs, 
(d ) one 20-knot and one 22.5-knot boat of the larger size, $162,250 
for both. (¢) One 20-knot and two 22.5-knot boats, $256,000 in 
all; two 20-knot and one 22.5-knot boats, $215,500 in all. 

Owing to the many and complicated bids, the contracts for 
these torpedo boats- were not awarded until the early part of 
October, the result being as follows: 

Torpedo Boats Nos. 12 and 13 to Messrs. Wolff & Zwicker 
on their bid (c), two 22.5-knot boats for $81,546 each. 

Torpedo Boats Nos. 14,15 and 16 to the Herreshoff Manu- 
facturing Company on their bid (g), one 22.5-knot boat and two 
20-knot boats, total cost, including galvanizing, $163,000. 

Torpedo Boat No. 17 to the Columbian Iron Works on their 
bid (4), one 20-knot boat for $45,000. 

Torpedo Boat No. 18 to the Charles Hillman S. & E. B. Co. 
on their bid of one 20-knot boat for $48,500. 

Total contract price of these seven boats, $419,592; cost of 
ordnance outfit, $59,220; total cost, $478,812. 

Walter Q. Gresham.—This steel revenue cutter, fully de- 
scribed on page 561 of Volume VII, was successfully launched at 
the Globe Iron Works, Cleveland, Ohio, on Saturday, September 
12. The general data are here repeated. Length over all, 205 
feet; length between perpendiculars, 188 feet; beam, 32 feet; 
depth, amidships, 17 feet ; displacement on a mean draught of 
10 feet 9} inches, 906 tons ; I.H.P., about 2,000, when the engine 
is making about 160 revolutions per minute; cruising speed, 


16 knots. 
ARGENTINE REPUBLIC. 


Garibaldi.—This armored cruiser, purchased in Italy, and 
described on page 605 of the August number, has finished her 
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trials. According to the “ Rivista Marittima,” Rome, the name 
of the vessel is Garibaldi and not José Garibaldi. The following 
data are from the same source. 

The official trials were made over the new measured mile es- 
tablished by the Italian government off Genoa, preliminary trials 
over the old base off Spezia having shown that the water, which 
was about 65 feet deep, was too shallow. The depth of water on 
the new base is from 160 to 230 feet. Owing to bad weather and 
the numerous gun trials, the speed trial did not take place until 
July 6. Six runs over the mile gave a mean speed of 19.948 
knots. The mean I.H.P. was 13,200, and the revolutions per 
minute, starboard, 104.5, port, 104.2. 

Entre Rios.—The second of the four partially-armored de- 
stroyers, building by Messrs. Yarrow & Cv., Poplar, completed 
her official trials on September 1. A complete description of 
the sister vessel, the Santa Fé, was given on page 609 of the 
August number. The trial of the AZssiones is given below; the 
last of the remaining four destroyers, the Corrientes, has not been 
tried. The bunker capacity of these vessels is about 80 tons of 
coal. Thereare three smoke pipes. The crew is berthed forward, 
the officers’ quarters are between them and the engine room, and 
the petty officers have quarters aft. The following account and 
data of the official trial are from “ Engineering,” London. 

Draught of vessel, taken at Gravesend, forward, 4 feet 2 inches, 
aft, 4 feet 10 inches, mean, 4.5 feet. 20 tons of coal were on board, 
the total trial load being 35 tons. The vessel reached the Maplin 
measured mile about 3} hours after leaving the Poplar yard, and 
the three hours’ trial was at once commenced, the weather being 
fine. 

Means for the six mile runs. Steam pressure in boilers, 147, 
in Ist receiver, 64, and in 2d receiver, 10 pounds per square inch ; 
vacuum, 25 inches; air pressure in forward fireroom, 1.5, in after 
fire room, 1.75 inches; revolutions per minute, 365.2; speed, 26, 
803. 

The average number of revolutions for the three hours was 
364.8, giving a mean speed of 26.75 knots, or # knot in excess 
of contract. The slip of propellers was 7.06 per cent. 
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It will be noticed that the steam pressure was only 147 pounds, 
while the designed working pressure of the boilers is 220 pounds 
per square inch. ‘“ Messrs. Yarrow and Co. apparently consider 
that if they carry out their contract with a good margin on the 
right side it is not desirable to aim at the utmost the vessel can do, 
simply for the sake of an empty boast. In this they are wise, for 
the vessel will be none the less capable of her highest speed in 
war because she has not been pushed to it in the official trials. 
If it were a case of speed premiums, we should see quite a different 
course followed by this firm.” 

The Santa Fe reached St. Vincent safely on her way to Buenos 
Ayres. She encountered the full force of the gales prevalent 
during the latter part of September, but proved herself a good 
sea boat. 

Missiones.—The third of the partially-armored destroyers 
built by Messrs. Yarrow & Co.,successfully completed her official 
trials on October 9. With the contract load of 35 tons, a mean 
speed of 27.1 knots was attained, exceeding the trial speed of her 
two sisters, the Santa Fé and Entre Rios. 

Corrientes.—The last of the Yarrow destroyers was success- 
fully launched on October Io. 


AUSTRIA. 


Magnet.—This torpedo cruiser, built by Mr. F. Schichau, 
Elbing, Germany, completed satisfactory trials and was accepted 
in July. The trial lasted three hours, and the speed, with forced 
draft, was 26 knots, 2 knots over the contract requirement. The 
vessel was fully loaded. 

The following particulars are from “ Mittheilungen aus dem 
Gebiete des Seewesens,” Pola, Austria: 

Length between perpendiculars, 221.4 feet; beam, extreme, 
26.9 feet; load draught, mean, 10.82 feet; corresponding dis- 
placement, 502 tons; coal capacity, 102 tons. 

The armament consists of six 1.85-inch rapid fire guns and 
three 17.72-inch deck torpedo tubes. 

The twin screw engines were designed to develop 5,918 I.H.P. 
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There are four boilers arranged in two compartments, each pair 
of boilers having one smoke pipe. 

Viper.—The Journa. is indebted to Messrs. Yarrow & Co. 
for the annexed half tone of this sea going torpedo boat built 
by them, and which has two of their water tube boilers. A 
description of the boat and machinery, and satisfactory results 
of the trials, were given on page 384 of the May number. 

Natter.—This torpedo boat, built by Mr. F. Schichau, Elbing, 
and mentioned on page 385 of the May number, has completed 
her trials. 

The length is 150.5 feet; beam, 17.38 feet; draught, load 8.79, 
feet; displacement, 150 tons. There is one engine, designed 
for 2,268 I.H.P., and two Thornycroft boilers. The designed 
speed was 23.5 knots. Coal capacity, 29.5 tons. The arma- 
ment consists of two 1.85-inch rapid fire guns forward and three 
torpedo tubes, two forward and one aft. With a load of 25.8 
tons, an average speed of 26.5 knots was obtained on the three 
hours’ trial. 

BRAZIL. 


Barrozo.—This steel, sheathed cruiser, built by Messrs. Arm- 
strong, Mitchell & Co.,at their Elswick yard, Newcastle, was suc- 
cessfully launched on Tuesday, August 25. 

The length of the vessel is 330 feet ; beam, 43.75 feet ; draught, 
16 feet 10 inches ; displacement, 3,450 tons. 

There is a curved steel protective deck extending the whole 
length of the vessel. It is 1} inches thick on the horizontal part: 
and 34 inches thick on the sloping parts. 

The armament will consist of six 6-inch and four 4.7-inch rapid 
fire guns, all 50 calibers long and of the Elswick pattern; ten 
6-pounder and four 1-pounder Nordenfeldts, four Maxims, two. 
field guns and three torpedo tubes. Of the 6-inch guns, three are 
arranged to fire ahead and three astern. 

The twin screw engines are designed for 7,500 I.H.P. and to 
give the vessel a speed of 20 knots. 

The bunker capacity is 800 tons, the side bunkers extending 
to 6 feet above the water line. 
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Capitan Orella.—This destroyer, built by Messrs. Laird Bros., 
Birkenhead, and mentioned on page 386 of the May number, com- 
pleted her official full power trial satisfactorily on September 30. 

The vessel’s length is 213 feet; beam, 21.5 feet; depth, 12.75 
feet; displacement, about 300 tons. The water tube boilers 
are of the Normand type, modified. There are four smoke 
pipes. 

Six runs over the measured mile at Skelmorlie gave a speed of 
30.17 knots, the revolutions per minute being 361. Theaverage 
number of revolutions per minute for the three hours was 362.5, 
giving a speed of 30.23 knots. The I.H.P.was 6,200. Although 
there was a choppy sea, the vessel was very steady. 

Capitan Muniz Gamero.—A sister vessel of the Capitan 
Orella described above, completed her official trials on October 
15. The mean revolutions for the three hours were 364 per 
minute, and the speed slightly over 30 knots; for the six mile 
runs the revolutions were 369, and the speed, 30.42 knots. 


ENGLAND. 


Albion, Canopus, Goliath, Glory and Ocean.—These are 
the first class battleships of this year’s programme, mentioned on 
page 378 and 612 of the current volume. The A/dion will be 
built by the Thames Iron Works, and the machinery by Messrs. 
Maudslay, Sons & Field; the Canopus, at the Portsmouth dock- 
yard, and the machinery by Messrs. Scott & Co., Greenock ; the 
Goliath, at the Chatham dockyard, and the machinery by the 
Messrs. J. Penn & Sons, Greenwich; the Glory, hull and ma- 
chinery, by Messsrs. Laird Bros. & Co., Birkenhead; and the 
Ocean, at the Devonport dockyard, and the machinery by Messrs. 
Hawthorn, Leslie & Co., Newcastle. 

“ Engineering,” London, says that “ Structurally they will be 
similar to the Majestic class, but to secure the reduction in dis- 
placement certain modifications have had to be made, the most 
significant being a reduction in the thickness of the harveyized 
armor which protects the broadside for the greater part of the 
length and for some 18 feet of its depth. The new ships will 
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have 6-inch plating instead of the g-inch in the Majestic, but the 
armament will be the same, four 12-inch 45-ton guns being 
mounted en darbette, and these guns by reason of their great 
length— 35.43 calibers—give, with an 850-pound shot, a muzzle 
energy of 33,940 foot-tons. There will also be twelve 6-inch 
quick firing and 30 smaller guns.” There will also be five tor- 
pedo tubes, four of which will be under water. The cost of the 
guns alone is placed at $340,000. 

The twin screw, triple expansion engines of these vessels are 
to have cylinders 30, 49 and 80 inches in diameter, the stroke 
being 51 inches. They are to develop 13,500 I.H.P. with 100 
revolutions per minute, the speed being 18 knots, maintained for 
eight hours. The H.P. and LP. valves will be of the piston type. 
There will be twenty Belleville boilers, with a grate surface of 
1,100, and a heating surface of 32,000 square feet. The working 
pressure in boilers will be 300 pounds per square inch, reduced 
to 250 pounds per square inch at the engines. Feed water heaters 
will be fitted inthe uptakes. The cost of the engines and twenty 
Belleville boilers and their fittings for each dockyard vessel is 
said to be about $500,000. The contracts require that the ves- 
sels shall be subject to a 30 hours’ trial with 2,500 I.H.P., a 30 
hours’ trial with 9,500 I.H.P. and an 8 hours’ trial with 13,500 
1.H.P. 

The total cost of the dockyard vessels is given as about $4, 
250,000. It is expected that all of these battleships will be com- 
pleted near the end of 1898. j 

Victorious.—This first class battleship, a sister vessel of the 
Majestic, and described on page 813 of Volume VII, has success- 
fully completed her official trials. This vessel was commenced 
at the Chatham dockyard on May 28, 1894, and launched on 
October 19, 1895. The machinery was built by Messrs. Haw- 
thorn, Leslie & Co., Newcastle-on-Tyne. The total cost of this 
vessel will be between $4,250,000 and $4,500,000. The con- 
tract required the usual three trials, the 8 hours’ natural draft 
trial, at 10,000 I.H.P., to be made with not over $ inch air 
pressure, a 4 hours’ forced draft trial, and a 30 hours’ coal con-. 
sumption trial at 6,000 I.H.P. 
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On August 29, a satisfactory preliminary trial of 3 hours’ 
duration was made. 

The first official trial, natural draft, 8 hours, was made on 
August 31; the forced draft trial on September 2, and the coal 
consumption trial on September 4 and 5. The results are as 
follows. 

Eight hours’ natural draft trial—Steam pressure, 146 pounds 
per square inch; ‘vacuum, 26.7 inches; revolutions per minute, 
starboard, 99.9, port, 99.3; average air pressure, .26 inch; I.H.P., 
starboard, 5,098, port, 5,218, total, 10,316; speed by log, 16.92 
knots ; total coal burned, 191,000, or, 2.31 pounds per I.H.P. per 
hour. The draught of vessel was 24.5 feet forward and 26 feet 10 
inches aft, or 25 feet 8 inches, mean. 

Four hours’ forced draft trial—Steam pressure, 147 pounds 
per square inch; vacuum, 26.5 inches; revolutions per minute, 
starboard, 107.6, port, 103.1, average, 105.35; air pressure, I 
to 1.25 inches; I.H.P., starboard, 6,139, port, 6,062, total, 12,201; 
speed by log, 18.7 knots. The draught was 24 feet 3 inches 
forward and 26 feet 1 inch aft, or 25 feet 2 inches, mean. 

Thirty hours’ coal consumption trial—Steam pressure, 145 
pounds per square inch; vacuum, 27.4 inches; revolutions per 
minute, average, 86.9; air pressure, v/; I.H.P., total, 6,205; 
speed by log, 14.9 knots; coal per I.H.P., 1.6 pounds; draught, 
mean, 25 feet 1 inch. 

The vessel was finished at the Chatham dockyard October 17, 
and will soon be ready for commission, 

Prince George.—This first class battleship, a sister vessel of 
the Majestic, and which was launched at the Portsmouth dock- 
yard on August 22, 1895, has completed her official trials. The 
machinery was built by Messrs. Humphrys, Tennant & Co., Dept- 
ford. The description of the Magnificent, given on page 161 of 
Vol. VII, will apply to this vessel. For the electric lighting, 
there are three Brotherhood’s compound double-acting engines, 
each set coupled direct to a Siemens’ ironclad dynamo and sup- 
plying 600 amperes at 80 volts at a speed of 300 revolutions per 
minute, with a steam pressure of 100 pounds to the square inch. 

The 8 hours’ natural draft trial was made on September 8 with 
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the following results. Steam pressure, 150.7 pounds per square 
inch; vacuum, starboard, 25.7, port 25.5 inches; revolutions per 
minute, starboard, 96.9, port, 97.3; I.H.P., 10,464; coal per I.H.P. 
per hour, 2.3 pounds; speed by log, 16.52 knots; air pressure, 
0.44inch. The draught of vessel was 24 feet 11 inches forward 
and 25 feet 2 inches aft, or 25 feet } inch, mean. 

The 4 hours’ forced draft trial was made on September 14. 
Steam pressure, 152.3 pounds per square inch ; vacuum, star- 
board, 26.4, port, 26.3 inches; revolutions per minute, starboard, 
101.56, port, 101.98; I.H.P., starboard, 6,104, port, 6,149, total, 
12,253; speed by log, 18.3 knots; air pressure, 1.2 inches. The 
draught was 24 feet 9 inches forward and 25 feet 3 inches aft, or 
25 feet, mean. 

The 30 hours’ coal consumption trial was made about Septem- 
ber 18. Steam pressure, 137 pounds per square inch; vacuum, 
starboard, 27.8, port, 27.5 ; revolutions per minute, starboard, 83, 
port, 82.8; LH.P., 6,211; speed by log, 14.76; coal per I.H.P. 
per hour, 1.7 pounds. The draught was 24.5 feet forward and 
25 feet aft, or 24.75 feet, mean. 

Czsar.—This first class battleship, a sister ship of the Majestic, 
was floated out of dock at the Portsmouth dockyard on Septem- 
ber 2. The description of the Magnificent, given on page 161 of 
Volume VII, will apply to this vessel. The machinery was built 
by Messrs. Maudslay, Sons & Field. Torpedo nets will be fitted. 
The total coal capacity is given as 2,250 tons, or 400 tons more 
than any of the other ships of this class. Forced draft will be 
used. 

Illustrious.—This first class battleship, a sister ship of the 
Majestic and the last of the nine battleships built under the Spen- 
cer programme of 1893-94, was floated out of dock at the Chat- 
ham dockyard on September 17. The weight at the time of 
“floating out” was about 5,000 tons. The first plate was laid on 
March 11, 1895. The machinery was built by Messrs. John 
Penn & Sons, Greenwich. Induced draft will be used, as in the 
Magnificent, the machinery of which was built by the same firm, 
A description of the Magnificent was given on page 161 of Vol- 
ume VII. 
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Majestic.—This battleship, fully described on page 167, and 
the trial results given on page 812 of Volume VII, has been 
fitted with new propeller bosses, the old ones being cracked 
through. Since this refit, says “ Engineering,” London, she has 
carried out the series of progressive trials that were ordered 
last March, but which have been deferred from time to time for 
a suitable opportunity. The first series was carried out in Stokes’ 
Bay on October 14, with the following results: Revolutions, 
24.46 starboard, and 24.57 port; total I.H.P., 223.04; speed, 
4.103 knots. Revolutions, 61.07 starboard, 59.72 port; I.H.P., 
2,224.27; speed, 10.357 knots. Revolutions, 73.66 starboard, 
75.59 port; I.H.P., 4,116.20; speed, 12.547 knots. Revolutions, 
87.03 starboard, 84.58 port; I.H.P., 7,010.48; speed, 14.305 knots. 
Revolutions (full power, natural draft), 98.52 starboard, 97.83 
port; I.H.P., 10,082.9; speed, 16.096 knots. On Saturday, 
October 17, in fine weather, but with a strong wind on the beam 
in both directions, the ship carried out three runs with forced 
draft on the measured distance of 23 miles between Rame Head 
and Dodman Point. At each run the speed was taken by obser- 
vation, with the following results: First run.—Air pressure, I 
inch; vacuum, 26.3 inches starboard and port; revolutions, 103.3 
starboard, 102.9 port; LH.P., 11,814; speed, 16.86 knots. 
Second run.—Air pressure, 1.08 inch ; vacuum, 26.5 inches star- 
board, 26.3 inches port; revolutions, 102.5 starboard, 102.4 port; 
1.H.P., 11,914; speed, 16.9 knots. Third run.—Air pressure, 1.17 
inches; vacuum, 26.5 inches starboard, 26.6 inches port; revolu- 
tions, 103.6 starboard, 103.2 port; I.H.P., 11,673; speed, 16.8 
knots. Mean of the three runs.—Air pressure, 1.08 inches; 
vacuum, 26.4 inches starboard and port; revolutions, 103.1 star- 
board, 102.8 port; I.H.P., 11,800; speed, 16.85 knots. The speed 
of the ship was somewhat retarded by the heavy sea and wind, but 
it will be seen that under the imposed conditions, forced draft gave 
an additional speed of little more than three-quarters of a knot. 

Terrible.—The official trial programme of this first class 
cruiser, as mentioned on page 613 of the August number, was 
commenced on August 5. Sixteen out of the forty-eight boilers 
were used. The coal burned was Cardiff hand-picked. There 
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were about 600 men on board, the firemen being nearly all 
trained men from the training squadron. The published data are 
few, perhaps owing to the restriction mentioned in the London 
“Times” that “the Admiralty have directed that none but the 
officers professionally engaged are to witness the steam trials of 
the Zerrible.” 

The steam pressure was from 220 to 250 pounds per square 
inch; revolutions per minute, 64.5; I.H.P., 5,110. These are 
the averages for the thirty hours. Four runs over the measured 
mile in Stokes’ Bay gave a mean speed of 13.43 knots. The total 
quantity of coal burned for 24 hours, omitting the three hours 
at the beginning and end of the trial, was 141 tons, or, at the 
rate of 5.875 tons per hour, or, 2.57 pounds per I.H.P. per 
hour. 

The second trial, at 18,000 I.H.P. for thirty hours, was com- 
menced August 7. After running for some time, the engines 
having attained 98 revolutions per minute, and developing about 
19,000 I.H.P., the corresponding speed being about Ig knots, the 
trial was interrupted by “an accumulation of pressure inside of 
the vacuum ring of the S.I.P. slide valve,” according to the Lon- 
don “ Times.” The vessel came to anchor in Plymouth Sound. 
“An inspection showed that the I.P. valve and cylinder were 
scored, besides other defects, but the cause of the trouble was 
not discovered. Later the vessel steamed to the Portsmouth 
dockyard at 50 revolutions.” (‘ Times” and “ Naval and Military 
Record,” London.) The “Engineer’s Gazette,” Newcastle, 
states that ‘‘so far as can be ascertained, the intermediate valve 
seat, the intermediate slide face, and the cylinder liners were worn, 
it is said, by water finding its way into the cylinders.” 

Erratum.—In the August number, the previous description of 
the Zerridle was incorrectly referred to page 584 of Vol. VI. It 
should have been Vol: VII. 

Powerful.— This first class cruiser has satisfactorily completed 
part of her official trials, which were the same as mentioned on 
page 613 of the August number for the sister vessel, the Zerrible. 
The preliminary contractors’ trial of this vessel were given on the 


same page. 
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To the detailed description of the Terrible (page 584, Vol. VIT) 
and to the points in which the Powerful differed (page 599, Vol. 
VII), may be added the following information from “ Engineer- 
ing,” London, from which the trial data are also taken. 

The keel of the Powerful was laid on March 10, 1894. She 
was in an advanced state, with all her wood sheathing and many 
of the internal fittings, when launched on July 24, 1895, and she 
was delivered to the Admiralty on July 14, 1896, arriving at Ports- 
mouth on July 17. Since then she has been docked and copper- 
bottomed, her engines have passed through their turning trials 
in dock, and she is now practically ready for commission. The 
total cost of the vessel, ready for war, is given in the Navy Esti- 
mates as $3,576,895. 

The total heating surface of the 48 Belleville boilers is 69,453 
square feet, equal to 2.77 square feet per designed horse power 
(25,000 I.H.P.), and the total grate surface, 2,192 square feet. 

The boiler installation occupies 186 feet of the length of the 
vessel, this length being divided into eight compartments by a 
longitudinal and five thwartship bulkheads. In each of the four 
after compartments there are eight boilers. These are fired fore 
and aft. In each of the four forward compartments there are 
four boilers. Owing to the “fineness” of the ship’s lines, and 
the desirability of coal protection, it was decided to arrange 
those boilers to be fired athwartship. This secured the maxi- 
mum boiler power for the area available, but it has been sug- 
gested that in the event of the rolling of the ship altering the 
inclination of the tubes, the efficiency of the boilers might be 
impaired, and without entering into the question at issue, it is 
interesting to note that in subsequent ships all the boilers will 
be fired fore and aft. 

Twenty-four of the boilers have eight elements, and 24 seven 
elements, each containing 20 tubes, or, properly speaking, 10 
pairs of tubes. These vary in length, being approximately 6 feet 
7 inches. All are of lap-welded mild steel manufactured by 
Messrs. A. J. Stewart and Clydesdale. Owing to accidents 
having happened abroad to tubes by the opening or splitting of 
the weld, the Admiralty have decided that, hereafter, all tubes 
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for Belleville boilers are to be solid drawn. As this necessitates 
a special plant, only three or four firms have undertaken the 
manufacture of drawn tubes, and the cost of the tubes will be 
much increased. 

It may be interesting to give here the conditions exacted from 
the tube manufacturers. The steel for the lap-welded tubes is 
made by the basic open-hearth process, and a strip of the metal 
annealed was subjected to a tensile strain of from 21 to 24 tons, 
the elongation being 25 per cent. in the length of 8 inches. 
Pieces cut from the tubes were subjected to a tensile stress of 
26 tons, the extension being at least 20 per cent. in 8 inches. 
The other tests were: Strips cut from the tubes, flattened, heated 
to a blood heat, and plunged into water 82 degrees Fahrenheit, 
should be capable of being doubled over a radius of } inch with- 
out fracture; pieces 2 inches long cut from the ends of tubes 
under ;’; inch thick are to be capable, when cold, of being ham- 
mered down endwise until the length is reduced to 1 inch, and 
of being flattened until the sides are close together, without 
fracture. The ends of the tubes under ;*, inch thick are to admit 
of being expanded by a three-roller expander to increase the 
diameter to 12% per cent. in the case of a cold tube, and 20 per 
cent. with a hot tube. Tubes over ;3; inch thick are to be ex- 
panded to one-half this increase. These tests were applied to 
about 2 per cent. of the tubes, selected at Messrs. Stewart and 
Clydesdale’s works by the Admiralty officer. The tubes were 
also tested by water pressure to 1,000 pounds. Thisin the case 
of the solid-drawn tubes has been increased to 1,500 pounds. 
This latter, however, is the only change in the tests for the solid- 
drawn tubes. The tube junction boxes are malleable cast iron, 
about ;°, inch thick, and were subjected to a water test of 750 
pounds per square inch, and a drop test from a height of 25 feet 
on to a cast iron slab. 

The main steam pipes, principally of lap-welded mild steel with 
riveted flanges, dip towards the forward end of the boiler com- 
partments, with the object of draining back into the boilers any 
water lodging in the pipes. Each group of eight boilers is con- 
nected by a separate range of piping to a stop valve on the engine 
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room bulkhead. A connection from these valves leads to a steam 
separator in each engine room. As care requires to be exercised 
in starting the engines supplied with steam from Belleville boil- 
ers—there is a tendency to priming if they are suddenly rushed— 
this steam separator has been designed to avoid any difficulties 
due to water in the steam. It is formed of a vertical cylinder, 
about 8 feet long and 4 feet in diameter, made of riveted wrought 
iron plates, fitted with baffle plates and an automatic and hand 
drain apparatus. For the same purpose, there are fitted on the 
main steam pipes automatic drain traps of the well-known Ad- 
miralty pattern. Between the separator described and the main 
stop valve is the Belleville steam reducing valve, to which is fitted 
a safety valve loaded to 220 pounds, or 10 pounds above the 
working pressure in the engine. 

The feed pipe to each boiler is ? inch in diameter. 

Experiments have shown that the proportions of the feed pipes 
adopted in the Belleville system increased the pressure on the 
pipes by from 400 pounds to 600 pounds, and this has necessitated 
the ratio of steam cylinder to water cylinder in the feed pumps 
being made 2.4 to I, as against 1.6 to Lin ordinary practice. The 
main pumps—of the Weir type and numbering six—have a 16}- 
inch steam cylinder and a 10}-inch water cylinder, the stroke 
being 18 inches. Three of these are in each engine room, while 
distributed in the boiler compartments are four auxiliary pumps 
-of the same size, and four with 134-inch steam cylinders and 83- 
inch water cylinders, with a stroke of 15 inches. 

In order to prevent an undue pressure on the discharge side, 
an ingenious arrangement has been designed by Messrs. Weir, 
called a controlling gear, which automatically stops the working 
of the feed pumps, should the pressure in the discharge pipes 
exceed a predetermined maximum. The gear consists of a steam 
cylinder, on which there is always steam at boiler pressure, and 
a water cylinder in communication with the discharge feed pipes. 
When the pressure in the latter exceeds the normal amount de- 
termined, it acts on the area of the plunger and overcomes the 
pressure on the steam cylinder, which gives, or shuts off, steam 
to the main feed pumps. 
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Two of the boilers were worked at Barrow for some time to 
test the evaporation, feed, and safety valves. The table gives the 


results of two evaporative trials. 
No. 1. No. 2. 


Calorific value of coal, pounds of water per pound of fuel... 13.75 13-75 
ash, pounds of water per pound of fuel.... 5 5 
Percentage of ash and clinker...............s.ccscccsseccoseseossces 11.52 5.45 
Coal consumed, in pounds per square foot of grate............ 18 24 
Water evaporated per pound of coal, pounds..................... 8.78 8.472 
Water evaporated from and at 212 degrees, pounds............ 10.81 10.420 
Steam pressure, 8 element boiler.................:sseeeeeeeeeeeeeees 260.6 260 
Temperature of funnel, degrees Fahr..............:.csccseeeeeeees 631 639.7 
Temperature of feed water, degrees,............cssceecseeceeceeee 42 42 
Maximum pressure in feed pipes, pounds per square inch.... 435 420 
Heat units transmitted per square foot of heating surface per 
Heating surface per pound of coal per hour, square feet...... 1.76 1.32 
Water evaporated per square foot of heating surface per 


The evaporative trials clearly proved the necessity of careful 
stoking. The grate area is so large that there is the possibility 
of part of it being without fuel, and thus cold air rushes through, 
considerably reducing the temperature. In the early trials, 
before the workers at Barrow became accustomed to the boiler, 
the evaporation was fully 25 per cent. less than in the trial results 
recorded, and Mr. Durston is to be congratulated on his fore- 
sight in training stokers in the Sharpshooter for the larger vessels. 
On the Sharpshooter, the coal consumption decreased from 2.5 
to 1.65 pounds per horse power hour. 

Experiments were also directed to ascertain the efficiency of 
the safety valve; these resulted in modifications being made in 
the original design which prevented the accumulation being 
more than 10 pounds, while the valve returned to its seat with a 
loss of only 24 pounds below the working pressure. 
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The air pumping engines, for supplying the air through noz- 
zles to the furnaces, are of the Belleville type, with water jacketed 
air cylinders. The diameters are 7} inches and 13} inches, the 
air blowers being 14 inches in diameter. The stroke is 9 inches. 
They work at a pressure varying from 5 to 15 pounds to the 
square inch, according to the rate of combustion desired. 

The smoke pipes are 80 feet above the fire. There is a large 
space between the top of the boilers and the underside of the 
protective deck. This is somewhat unusual in the design of 
warships, and is due to the less headroom required by the Belle- 
ville boiler. The result is a better atmosphere and more com- 
fort to the stokers. There are 12 fans for supplying air to the 
stokeholds, each go inches in diameter, the engines driving them 
having 7-inch cylinders and 6-inch stroke. 

The drains from the main and auxiliary steam pipes, stop and 
safety valves, and the auxiliary machines of the ship are led by a 
special service of pipes to the collecting tank in the engine room, 
from which the water is pumped to the feed tanks. This special 
drainage system, which was introduced by the Admiralty a few 
years ago, is a most important factor in reducing the loss of fresh 
water to the boiler. 

The engine rooms are 60 feet long—the width of each varies 
from 18 to 21 feet—and the height from bottom of crank pit to 
protective deck is 23 feet. The feed tanks and hot wells are built 
into the vessel. On the after bulkhead, under the protective deck, 
in each engine room, there is a two-crank steering engine. 

The cylinder diameters are 45,70 and 76 (2) inches, the stroke 
being 48 inches. The sequence of cranks is H.P., forward L.P., 
L.P., after L.P., the first and third, and the two L.P. being at right 
angles. The cylinders are connected to each other by cast steel 
struts, passing through brackets cast on the sides of each cylin- 
cer. When the engines were first under steam, it was found that 
these struts expanded nearly one-half inch, and an allowance was 
made for this when setting them permanently. They are further 
stayed by two steel wire ropes, which are carried from the 
athwartship bulkhead, and secured by shackles to each side of 
the H.P. cylinder. 
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The cylinders are of cast iron, 2 inches thick, except the L.P., 
which are 1.75 inches thick. The tensile strength of this cast 
iron is about 9.5 tons per square inch, with a transverse strength 
such that a bar 1 inch square, placed on supports 12 inches apart, 
will carry 21 hundred weight at the center. The liners are of 
hard, close-grained cast iron with a tensile strength of 12.3 tons 
per square inch, and a transverse strength equal to carrying a 
load of 30 hundred weight as above applied. The pistons are 
conical, of cast steel, with two packing rings of Perkins’ metal 
for each H.P., and broad cast iron rings for the other pistons. 
All packing is set out by spiral springs. 

All the working parts are of forged mild steel. The piston 
rods are 11 inchesin diameter. Each crosshead has two journals, 
each 13 inches in diameter and 13 inches long. The connecting 
rods are 13 inches in diameter and 7.75 feet long, or only 1.9 
times the stroke. This short connecting rod was necessary to 
get the engines under the protective deck—there is only clearance 
for the trolley for the cylinder heads. Armor bars are placed in 
the three engine room hatchways. The forward and after hatches 
act as downcomers for the fresh air, while the middle one is fitted 
with two suction blowers. 

The crank shaft is in four interchangeable parts, 20 inches in 
diameter with a 10-inch hole, and 46 feet 8 inches long over all. 
The crank pins are 244 inches long, and 22 inches in diameter 
with a 14-inch hole. The eight crank shaft bearings are each 
23 inches long. The thrust shafts are 18.5 inches in diameter, 
each with nine horseshoe rings, the total surface for ahead thrust 
of each engine being 2,619 square inches. The line shafting is 
18.5 inches in diameter with a 10-inch hole, and is supported by 
two bearings, each 23 inches long, and having white metal in the 
bottom half. The inner bearing in the stern tube is 4.5 feet long, 
and the outer 6 feet, both being 223 inches in diameter. The 
length of the outer bush on the A-bracket is 8 feet and the 
diameter 22.25 inches. The propeller shaft is 20 inches in diam- 
eter. The length of each shaft, from the after crank shaft coup- 
ling to the center of the propeller, is 117 feet 6.5 inches, making 
the total length of shafting for each engine 164 feet 2.5 inches. 
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The propellers are three-bladed, of gun metal, 19.5 feet in 
diameter and 24 feet pitch, and a developed surface of 75 square 
feet; they work inwards. The center of each propeller is 14 feet 
from the center line of the vessel and 15 feet forward of the after 
perpendicular. The center lines of the shafting extended would 
meet the forward engine room bulkhead 8.75 feet from the center 
line of the vessel. The bulkhead is 6 feet 9.5 inches forward of 
the ends of the forward crank shafts. 

The main valves are on the forward side of each cylinder. The 
original arrangement of the starting valves on the cylinders was 
to admit steam at the top or bottom of the pistons, but it was 
found by tests that the consequent movement of the engine was 
rather slow, and modifications were made admitting steam to the 
I.P. and L.P. receivers. 

After this modification, the engine was reversed from full 
ahead to full astern, without vacuum in the condenser, in from 
14 to 18 seconds, while formerly it seldom required less than 45 
seconds. 

The filter tanks are fitted with a series of vertical perforated 
plates, placed in grooves, and having between them a thick Turk- 
ish toweling, on which the grease is deposited. As the feed and 
hot well tanks are close to each other, an overflow was easily 
arranged from the-latter into the former. The feed tanks have 
a combined capacity of 35 tons. 

The controlling gear of the main feed pumps was arranged on 
trial to stop the steam supply when the pressure in the feed dis- 
charge pipe reached 600 pounds per square inch. 

The electric lighting plant consists of two vertical engines, 
with cylinders 10 inches and 17 inches in diameter by 10 inches 
stroke, coupled to dynamos which, running at 300 revolutions, 
develop 600 amperes at 80 volts. There is a third dynamo on 
the upper deck, the total number of lights being 1,000, with six 
search lights. 

There are two distilling condensers and two steam pumps, 
divided into two independent sets of equal power, working com- 
pound with great economy of boiler steam consumption. Each 
of the four Normandy evaporators may be worked separately. 
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Automatic feed and steam regulators are fitted so as to prevent 
the possibility of salting up, and the evaporating surfaces can 
easily be removed for cleaning. The evaporators are capable of 
producing from sea water per 24 hours 120 tons (26,880 gallons) 
of fresh water, 25 tons thereof being for drinking purposes and 
the remainder for boiler feed. 

In the workshop on the main deck, there are two lathes arranged 
in line, so that a head stock being removed the two beds may be 
used in conjunction for an extra long job. There is a third lathe, 
a combined punching and shearing machine, a shaping and plan- 
ing machine, a drilling machine and other tools, driven by shaft- 
ing worked by a two-cylinder engine. 

The engine complement numbers 281, including the chief 
engineer and seven engineer officers as assistants, 18 chief and 
other engine room artificers, 9 chief stokers, 27 first and second- 
class leading stokers and 219 stokers. The ship’s complement 
numbers 894, of all ranks and ‘ratings. 

On September 23, the Powerful was to start on a preliminary 
trial, but this was postponed on account of stormy weather and 
the fouling of one the propellers by a rope. On the next day a 
run was made, the engines being worked up to 96 revolutions, 
at which speed the I.H.P. was 16,100. On the 25th, the first 
official 30 hours’ trial was begun, but, on account of the violence 
of the storm, was stopped at the end of about 10 hours. The 
mean draught of the vessel was 27 feet 3 inch, the displacement 
being 14,200 tons. The means for eight hours were: Steam 
pressure, at boilers, 223, and at engines, 160 pounds per square 
inch; vacuum, mean, 26.65 inches; revolutions, starboard, 63.5, 
port, 63.03; I.H.P., starboard, 2,413, port, 2,540, total, 4,953; 
coal per I.H.P. per hour, 2.2 pounds ; speed, by log, 13.4 knots. 
Air pressure at nozzles over grate bars, from 5 to 8 pounds above 
the atmosphere; vacuum in smoke boxes, 22 inches. 

16 out of the 48 boilers and 34 out of the 87 auxiliary engines 
were used. The coal burned was Nixon’s hand-picked Naviga- 
tion. In the first three hours the amount was 2.3 pounds per 
I.H.P., which was slowly reduced to 2.1 pounds during the last 
hour. No deduction was made for the fan engines, distillers, 
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electric lighting, steering, fire and bilge pumps, air and circulat- 
ing pumps for auxiliary condenser, and the rain tank engine. 

The 30 hour’s trial was resumed on September 28 at 9.45 A. M., 
and finished on September 29 at 3.45 P. M., four runs over the 
mile being made during this time. It may be well to say that 
the coal used was weighed, and the amount expended for 24 con- 
secutive hours, selected by the Trial Board, was regarded as the 
mean consumption. The first and last three hours were omitted, 
giving the average for the remaining 24 hours, 2.09 pounds per 
I.H.P. The contractors were required not to exceed the guaran- 
tee—5,000 I.H.P.—by more than 5 percent. The same number 
of boilers and engines were used as on September 25. Only 
one smoke pipe was in use. 

The means of the 30 hours’ trial on September 28 and 29 are 
as follows: 


Draught of water, forward, feet and inches.................cecosossescsscrescescsseesces 27-3 
Steam pressure in boilers, pounds per square inch..............2sssceeeeeceeeeeceeee 225.2 
Starboard. Port. 
Mean pressure in cylinders, H.P., pounds..............cscceeeeeeeeee 35.6 37-6 
L.P., forward, 5.6 6 
Total indicated horse power............ssseccseesessceesseeeesseeeeeees 2,455 2,553 
Collective indicated horse powe’................cesscecssceecseeeceees 5,008 
gee par Rots, 2.07 


The means for the four runs over the mile were: revolutions 
per minute, starboard, 68.8, port, 67.9, average, 68.35; speed 
(third mean), 14.347 knots; I1.H.P., starboard, 2,597, port, 2,604, 
total, 5,201; slip of propellers, 11 per cent. 

The coal consumed per square foot of grate surface was 14.2 
pounds, the air pressure at nozzles varying from 8 to 10 pounds 
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above the atmosphere. The auxiliary machinery probably 
required the steam generated by 1} out of the 16 boilers in use. 

The rate of consumption during the first of the 30 hours was 
2.1 pounds per I.H.P. per hour, the minimum was 1.77 and the 
maximum, 2.6 pounds, the latter result being due to the cleaning 
of the fires and tubes of 10 out of 16 boilers simultaneously. 
During eight hours it was under 2 pounds. The consumption 
generally ran about 2 pounds to 2.1 pounds; greater variations 
were due principally to the fact that the coal was weighed out in 
advance of the requirements of the stokers, and at times accumu- 
lated on the plates. 

The general result is in part due to the strict observance of 
method in the stokehold. First, regularity of stoking was in- 
sisted upon. Each fire was replenished every eighth minute, so 
that with four double-fire boilers in a group, each boiler was 
fired in part every four minutes. This regularity will easily be 
insured in service; in the meantime cardboard dials are placed 
around clocks in each stokehold indicating when the fires should 
be supplied with fuel, but in time these may be dispensed with. 
Again, only a thin sprinkling of coal was applied at each firing, 
so that the fire was kept about 6 inches thick and in an incandes- 
cent state. The ashes were drawn from the pits and most of 
them used at the back and wings, as required, and instead of the 
ordinary raking only the clinker was removed by a two-prong 
rake. The ratio of ash or clinker was, therefore, small. It may 
be urged that these precautions necessitate an increase in the 
staff and involve trouble; but obviously every advantage gained 
—in respect of rapid steam generation, high pressures and relia- 
bility—must involve some extra labor, while the insistance of 
methodical and careful stoking is of itself commendable for all 
boilers. It is too often done at hap-hazard. Another element 
in the economy was the minimizing of the circulating water in 
the condenser. The small volume of steam for the low power 
with a large discharge of water tended to reduce the temperature 
of the feed. In this instance a readjustment—almost closing 
the outlet valve—gave an increase from 65 to 94 degrees. 

The Belleville boilers worked very well, the automatic feed 
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apparatus giving no trouble whatever. Of course, care was taken 
every four hours or so to remove grit or dust from the top of the 
spindles, &c. The strokes of the feed pumps were counted and 
the volume of feed estimated. It worked out to between 18 and 
20 pounds per I.H.P., but the result can only be approximate, 
since there are many elements of doubt—the efficiency of the 
pumps, the leakage of the plungers, &c., and the power of the 
auxiliary machinery ; but the evaporative efficiency of the boil- 
ers was practically g pounds of water from 90 degrees. Nor were 
the boilers forced. The ashpit doors were very seldom open; 
they were more frequently closed. 

The engines were linked up to give a cut off at .42 of the 
stroke. The revolutions varied in the case of the starboard en- 
gine from 63 to 69, and, in the case of the port, from 64 to 68, 
according to the wind and tide resistance, while the total power 
varied from 4,355 to 5,314. The low power mentioned is fully 
accounted for by the necessity of adjusting the reducing valve 
and the probability of the engine throttle valve having closed 
a little by vibration unobserved. The machinery worked very 
steadily, and there was no hitch. 

[ Nore.—Commenting on the above coal consumption trial, a 
correspondent in “ Engineering” compares the result of 2.07 
pounds per I.H.P. per hour, notwithstanding that “ the combus- 
tion was carried on with the greatest possible care,” with the 1.6 
and 1.7 pounds obtained with cylindrical boilers on the similar 
trials of the Venus and Minerva. These trials, and the more 
recent one of the Diana, are published below.—Ebir. ] 

Between September 29 and October 13, when the trial at 18,000 
I.H.P. was commenced, two preliminary runs were made. The 
force of the wind during these trials was from 8 tog. There was 
no pitching of the vessel and the rolling seldom exceeded 17 
degrees, and then only at turning. On one of the trials, before 
coaling, 1,000 tons of water were pumped into the double bottoms 
to bring the draught to 27 feet, but even then each roll was per- 
formed in about 7 seconds, while with the metacentric height 
normal, the period would be about g seconds. The vibration 
attained its maximum when the engines were running at from 
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92 to 95 revolutions, the period of vertical oscillation of the ship 
synchronizing then with the vibratory motion of the engines; 
but even then it was not abnormal, certainly under } inch to- 
wards the center of the nodes. Before the engines reached 100 
revolutions the vibration had practically ceased, and at 103 revo- 
lutions, the ship was steady, excepting such slight motion, prin- 
cipally lateral, as was set up when one engine revolved at a 
different speed from the other. 

Elements contributing to this result are the arrangement and 
proportions of the engines. Without the use of extra weights 
the moving parts are well, although not absolutely, balanced. As 
the two L.P. cranks are opposite each other, there is perfect equal- 
ity. The H.P. and I.P. cranks are opposite ; the only variation in 
weight is owing to the different sizes of cylinders. The H.P. 
piston weighs 1,901, and the I.P., 3,479 pounds, a small differ- 
ence when the total weights of the moving parts are considered. 
The L.P. pistons weigh 3,752 pounds each. 

Another point which may be referred to here is the arrange- 
ment made for the vibratory working of the upper structure. 
With the armored deck this “ working” cannot be appreciated 
below; but the light boat deck, extending from the forecastle 
head to the poop, and for only part of the width of the ship, is 
only of 4-inch steel, supported on the frames and shell plating, 
and on stanchions. At two points in its length, gaps or expan- 
sion joints 2 inches wide have been left athwartships. These 
divide the deck from bow to stern into three equal parts, and as 
they adjoin baggage ports on the side plating, it became easy to 
continue the gap down the shell plating to the upper deck. 
The “play” at the expansion joint coincided with the vibration 
of the ship, and there was no strain involved by “ working.” 

The official trial began on Tuesday, October 13, and ended 
30 hours afterwards, or on October 14. 

The mean results were as follows. 


27-5 
Steam pressure in boiler, pounds per square inch............sesssseseeeeseseerees 232 
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Starboard. Port. 
Mean pressure in cylinders, H.P..........0c.ccescccsccsescdiessévecoes 83.44 87.66 


All boilers, or 48, were used. From the total coal burned on the 
trial, 8 tons were deducted because there had been made during 
the trial a large quantity of fresh water, far in excess of the usual 
requirements of the boilers or of the ship. This deduction made 
a fractional difference in the mean result, 1.838 against 1.87 
pounds per I.H.P. per hour. During the first hour of the run 
the coal consumption was at the rate of 1.8 pounds per I.H.P. 
per hour, and throughout the whole run it remained remarkably 
uniform. Twice only did it exceed 2 pounds, and then it was 
2.08 and 2.02 pounds, while twice the consumption was below 
1.7 and seven times below 1.8 pounds. 

The stokers worked with as little supervision as in service. 
Clinker was removed every four or five hours ; ashes were used 
for the wings, as in the former trial. The boilers worked well, 
and with a sufficient supply of compressed air there was an 
absence of smoke and of flame from the chimney. Only once 
during the night, when the compressed air was low, was there 
even a suggestion of flame from the chimney. The air blowers 
registered from 10 pounds to 12 pounds. The vacuum in the 
smoke boxes averaged .4 inch, varying from .37 inch to .44 inch. 
The ventilating fans were run at 160 to 180 revolutions per 
minute, but the ashpit doors were seldom further open than the 
first notch (about 2 inches). Only one circulating pump was in 
use, with the inlet full open, and the mean temperature of the 
feed was about 100 degrees. The consumption of coal was 16.1 

pounds per square foot of grate area. 
54 
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The total quantity of coal burned was 372 tons, which includes 
the consumption for 59 auxiliary machines. The Normandy 
distillers were worked so that the amount of fresh water in the 
ship was the same at the end as at the beginning of the trial. 

“The number of merchant steamers capable of such an eco- 
nomical performance as was shown by this trial is very limited. 
Moreover, we take several warship performances, chosen at 
random, and for an entirely different purpose. The Magnificent 
working at cruising power (three-fifths natural draft) consumed 
1.69 pounds per unit; the Majestic, at five-sixths full power, 2.07 
pounds; the Prince George, at three-fifths natural draft, 1.83 
pounds; the Za/dot, at three-fifths natural draft, 1.84 pounds; 
the Victorious, at three-fifths natural draft, 1.6 pounds. These 
figures seem to indicate that it would be well to suspend con- 
demnation of the Belleville boiler on the score ot the economy, 
at all events until there is fuller experience.” 

The engines worked well. They were linked up to .6. The 
highest power developed was 19,000, with the starboard engine 
running 104.2, and the port engine 102.6 revolutions, the cor- 
responding powers being 9,398 and 9,602. The lowest record 
was 17,266, when the revolutions starboard were 102 and port 
99-4. This unusually low record was due to a change of course 
and an adverse direction of wind, while the cowls were neglected 
for a short time. 

On Monday, and in the early morning of the day on which the 
18,000 I.H.P. trial commenced, six runs were made over the 
course between Rame Head and Dodman Point, the distance 
being between 22.5 and 23 nautical miles. The results for the 
first three runs were: I.H.P., 17,991; revolutions per minute, 
102; speed, 20.63 knots. For the second set, the results were: 
1.H.P., 18,678 ; revolutions per minute, 103.2; speed, 20.96. The 
slip of propellers was from 13.5 to 14 per cent. The ratio of sur- 
face area of propellers to disc area is about I to 30. 

On October 17, a preliminary high speed run was made, the 
engines working up to I10 revolutions, and indicating 24,800 
horse power. 

Some slight adjustments, usual in the case of all such high 
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speed machinery, were made, but are not worth detailing. It 
may be interesting to state, however, that on the suction side of 
the feed pumps air vessels have been fitted. 

The Powerful went out on October 21, to run at full power 
(25,0001.H.P.). Fortwo hours the ship steamed well, everything 
working satisfactorily. Thecoal was weighed during this period, 
and worked out to just over 2 pounds per I.H.P. per hour; but 
the weighing of the coal had to be discontinued, as it somewhat 
shortened the supply. At this time also the gauge pipe of one 
of the boilers—a solid-drawn copper pipe—gave way, so that 
there was one boiler short for the greater part of the run. The 
mean power for four hours was 24,700 I.H.P. The fires clink- 
ered heavily after the first hour, and in some cases were kept 
rather too thick for this type of boiler under natural draft. This 
probably accounted for some heating of the up-takes much in 
excess of that observed on previous trials. The maximum tem- 
perature recorded between the uptake and casing was 180 de- 
grees. The specifications provided that the uptakes, and such 
bulkheads and passages as are in close proximity to the uptakes, 
should be lagged with silicate cotton, and stated that on the full- 
power trial it would be determined where and to what extent this 
lagging would be adopted. This is the usual procedure. The 
Powerful was taken into the harbor on Thursday forenoon, Oc- 
tober 22, and this lagging will now be put on before the ship 
again goes on her full power official trial. Fires and tubes will 
be cleaned, and slight adjustments to eccentric straps made. The 
Powerful will probably go out in the course of the next fortnight. 

Amphitrite, Argonaut, Ariadne and Spartiate.— These four 
first class cruisers of 11,000 tons displacement, to be built under 
the programme for 1896-’97 (page 377 of the May number), have 
just been ordered. The following particulars are from “ Engi- 
neering,” “ Broad Arrow,” and “ The Times,” London. 

The Argonaut will be built and engined by Messrs. J. and G. 
Thomson, Clydebank ; the Ariadne by the Fairfield Company, 
Glasgow ; the Amphitrite by the Naval Construction and Arma- 
ments Company, Barrow-in-Furness, and the Spartiate at the 
Pembroke dockyard. The engines of the last named are to be 
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made by Messrs. Maudslay, Sons & Field, London. The vessels 
are to be of the same type as the /Viode, and are to be 435 feet 
long, with a beam of 69 feet and a depth of 39 feet g inches. They 
will have a forecastle and a boat deck, but no poop. They will 
be built of steel and sheathed, the stem and stern post being of 
bronze. At 25 feet 3 inches draught, the displacement will be 
11,000 tons. The armament will consist of sixteen 6-inch quick 
firers, twelve 12-pounders of 12 hundred weight, two 12-pounders 
of 8 hundred weight, three 3-pounders, eight .45-inch Maxims, 
two submerged torpedo tubes and one above water at the stern. 
The protective deck will vary from 2.5 inches on the crown to 4 
inches on the slope, and have a rise of 10 feet. There will be 
coal bunkers below and above the deck, along the sides of the 
machinery and boiler compartments. There will be two sets of 
four-cylinder, triple expansion engines, with cylinders 34, 55} 
and (2) 64 inches in diameter, with a 48-inch stroke. Instead of 
having the H.P. cylinder forward, with the I.P. next and the two 
L.P. aft, it is proposed to put one L.P. cylinder at each end, 
with the view of economizing space. The engines will run faster 
than those in the class now building—12o instead of 110 revo- 
lutions—so that the power will be increased from 16,500 to 18,000 
1.H.P., giving 20.75 instead of 20.25 knots. The Belleville boil- 
ers will be slightly different. Over the ordinary series of éle- 
ments there will be a corresponding number of elements, consist- 
ing of smaller tubes, 2} inches in diameter, forming economizers, 
and between the two, a combustion chamber into which air will 
be injected by nozzles. This has been adopted to improve the 
circulation, and, consequently, the economy. There will be 30 
boilers in all, 18 of them with eight large and eight small ele- 
ments, and 12 with seven elements. The total heating surface 
will be 47,880 square feet, of which 15,505 square feet will be in 
the feed heating tubes. The total grate surface will be 1,390 
square feet. The steam pressure at the boilers will be 300, and 
at the engines 250 pounds per square inch. -The total weight of 
machinery will be about 1,525 tons. The contract price for each 
cruiser is said to be about $2,225,000. 
Diadem.—This first class sheathed cruiser, a description of 
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which was given on pages 813 and 814 of Volume VII, was suc- 
cessfully launched by the Fairfield Shipbuilding and Engineering 
Co., Govan, on October 21. The following description of the 
machinery and armament, and some of the hull data, are from 
“ Engineering,” London. 

The length over all is 462.5, and between perpendiculars, 435 
feet; beam, 69 feet, and displacement, 11,000 tons. The keel 
was laid in January, 1896. The hull is of steel, sheathed with 
teak 4 to 4.5 inches thick, and coppered. Bilge keels are fitted. 
The double bottom is 3.5 feet deep in the center, and 2.5 feet at 
the sides. The hull plates are 22.5 pounds to the square foot. 
The machinery space occupies 188 feet of the total length of the 
vessel. The stem, sternpost and shaft brackets are made of phos- 
phor bronze, as usual in sheathed vessels. The rudder, which is 
of the balanced form, is a casting of phosphor bronze, plated with 
naval brass, and is controlled by Harfield’s patent compensating 
gear, in addition to the steam steering engines, all of which are 
arranged below the protective deck. There are two signal masts, 
fitted with steadying sails. The coal capacity at normal draught 
is 1,000 tons, but provision has been made for carrying about 
twice that quantity if occasion should require. 

The armament differs somewhat from that originally intended, 
and will consist of four 6-inch quick firing guns, with shields, on 
the upper deck; twelve 6-inch quick firing guns, fitted in armor 
casemates of harveyized steel, on main deck; sixteen 12-pound- 
ers; a large number of smaller and machine guns; two torpedo 
tubes discharging below water forward, and one above water 
through the stern. 

There are two sets of vertical, four-cylinder, triple expansion 
engines on each shaft, with cylinders 34, 55.5 and (2) 64 inches in 
diameter, the stroke being 48 inches. The H.P. and LP. cylin- 
ders are each fitted with one piston valve, and each of the L.P. 
cylinders with a double ported slide valve with relieving ring at 
the back. The ordinary link motion valve gear is used. The 
cylinder covers, pistons and bed plates are of cast steel. The 
cylinders are supported at the backs by cast iron columns and 
at the front, by forged steel columns. 
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The crank shafts are solid double-throw, and made interchange- 
able, and, together with the thrust and propeller shafts, are of steel 
and bored hollow. Each of the propellers has a boss of gun- 
metal, fitted with three adjustable blades of manganese bronze, 
and constructed to work inwards. 

The main condensers are placed at the back of the engines, 
constructed of cast brass, and of oval form, and fitted with brass 
tubes § inch in diameter, the condensing water being supplied 
by four centrifugal pumps of gun metal, each fitted with inde- 
pendent engines. The auxiliary condensers, one in each engine 
room, are of cast brass, with separate centrifugal pumps and en- 
gines. These condensers take all the exhausts from the small 
engines about the ship. 

The 30 Belleville boilers will be in four compartments, each 
compartment having a separate smoke pipe. 

The complement will consist of about 700 officers and men. 

Venus.—This second class cruiser, a description of which was 
given on page 815, Volume VII, has completed satisfactory 
official trials. 

She was delivered at the Chatham dockyard by the builders, 
the Fairfield Shipbuilding Co., Govan, about the middle of June, 
considerably ahead of the contract date. 

The following additional particulars are from ‘“ Engineering” 
and the “ Times,”’ London. 

The double bottom extends the whole length of the vessel. 
Side compartments under the protective deck, for the whole 
length of the boiler space, are used as coal bunkers; cross bunk- 
ers are arranged at the ends of the two boiler compartments, so 
that each set of four boilers is surrounded by coal. Reserve 
bunkers are fitted on the protective deck over the machinery 
space. The number of water tight doors has been reduced to a 
minimum, and all doors can be worked from the main deck and 
from below. The sternpost, struts and stem are of phosphor 
bronze. Therudder, also of phosphor bronze, is of the balanced 
type, and controlled by Harfield’s compensating gear below the 
protective deck. 
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The teak sheathing is 3.5 inches thick at its thinnest part. 
The bilge keels extend for about one-half the vessel's length. 

In addition to the conning tower forward, there is a director 
tower aft, for operating the torpedoes. There are two bridges, 
on which are three search lights. The magazines and shell 
rooms are of ample capacity, and conveniently situated for the 
rapid fire guns, special gear for manipulating the ammunition 
being fitted. The coal capacity is nominally 550 tons, but about 
1,000 tons can be carried. There are two masts with military 
tops, and rigged with fore-and-aft steadying sails. 

The armament consists of five 6-inch, eight 4.7-inch and eight 
12-pounder rapid fire guns, all protected by extra heavy shields, 
There is besides a number of machine guns. 

The complement of officers and men will be 450. 

The twin screw, inverted, triple expansion engines are in sep- 
arate compartments. The cylinders are 33, 49 and 74 inches in 
diameter, the stroke being 39 inches. The cylinders have cast 
iron liners and cast steel covers, and are steam jacketed. The 
main valves are worked by double eccentric and link motion gear, 
balance cylinders and compensating rings being fitted to the flat 
slide valves. The reversing engines are of the all-round type, 
with worm and wheel gear, and all the reversing levers have a 
slot with an adjusting screw to allow of variable expansion in the 
cylinders. 

The back columns are of the split type, of cast iron, and fitted 
with separate guide faces. The front columns are of forged steel, 
the engines being arranged with the starting platforms amid- 
ships. The main condensers are placed in the wings, and are 
of cast brass, with solid drawn brass tubes, the water passing 
through the tubes. There are two large centrifugal circulating 
pumps of cast brass, each worked by an independent engine, one 
in each engine room, and arranged with a cross connection, so 
that either or both condensers can be supplied with water from 
either pump. The main feed, auxiliary. feed, bilge and fire en- 
gines are all independent, and are arranged on the center line 
bulkhead, steam being supplied by a special line of piping used 
for auxiliary purposes only. Auxiliary condensers of cast brass, 
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similar to the main condensers, are fitted. A feed water filter is 
fitted between the air pump and feed tank. 

The crank, thrust and propeller shafting is hollow, of Whit- 
worth’s fluid compressed steel. The crank pins are fitted with 
centrifugal lubricators. The propellers are three-bladed, the 
bosses and blades being of gun metal. The main steam pipes 
are so arranged that steam from the boilers in either boiler room 
can be used for the engines in either or both engine rooms. 

The following are the results of the trials. 

Four hours’ forced draft trial: Steam pressure, 145 pounds per 
square inch; vacuum, starboard, 26.1, port, 25.65 inches; revo- 
lutions per minute, starboard, 145.9, port, 148.4, mean for both 
engines, 147.15; I.H.P., starboard, 4,913, port, 4,831, collective, 
9,744; speed, 20.18 knots. 

Eight hours’ natural draft trial: Steam pressure, 150 pounds. 
per square inch, never varying more than 5 pounds during the 
trial ; vacuum, starboard, 25.6, port, 26.2 inches; revolutions per 
minute, starboard, 136.6, port, 137.2, mean for both engines, 
136.9; I.H.P., starboard, 4,068, port, 4,136, collective, 8,204; 
speed, 19.25 knots. 

Thirty hours’ coal consumption trial: Vacuum, 26.85 inches ; 
revolutions per minute, 118.05; collective I.H.P., 4,876; speed, 
16.8 knots ; coal per I.H.P. per hour, 1.6 pounds. This coal con- 
sumption is less than all other ships of the same class that have 
yet been tried. 

Of the six vessels ordered from private yards in May, 1894, the 
Juno, Doris, Dido, Isis, Venus and Diana,the Venus is the first to 
be delivered, and the sister ship Diana, the trials of which,are 
described below, the second. 

Minerva.—Another of the dockyard-built second class cruis- 
ers of the Zalbot class has successfully completed her trials. 
This vessel was floated out of the dock at the Chatham yard on 
September 23, 1895, the keel having been laid on December 4, 

1893. 

Preliminary trials held in June were satisfactory, so far as the 
working of the machinery was concerned. At the inspection 
afterwards a serious crack was discovered in one cylinder, be~ 
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sides defects in boilers. A new cylinder was put in, the boiler 
defects corrected, and on September 23 a satisfactory preliminary 
trial of four hours’ duration was made. 

On September 24 the eight hours’ natural draft trial was made, 
with the following results. 

Steam pressure, 151 pounds per square inch; air pressure, 
.25 inch; I.H.P., 8,221; speed, by patent log, 19.6 knots, or 1.1 
knots over the designed speed. 

The four hours’ trial under forced draft was made a few days 
afterwards, with the following results. 

Draught of vessel forward, 19 feet, aft, 21.25 feet; steam 
pressure, 152 pounds per square inch; vacuum, starboard, 27.5, 
port, 27.7 inches; revolutions per minute, starboard, 137.7, 
port, 137.5; I.H.P., starboard, 4,968, port, 4,923, total, 9,891; 
speed, by log, 20.34; air pressure, 1.02 inches. The I.H.P. de- 
veloped and the speed attained are the greatest for the vessels of 
this class. 

The thirty hours’ coal consumption trial was finished Septem- 
ber 30, and resulted as follows. Draught of water, forward, 18 feet 
8 inches, aft, 21 feet, mean, I9 feet 10 inches; steam pressure, 
146 pounds per square inch; vacuum, starboard, 28.5, port, 28.4 
inches ; revolutions per minute, starboard, I11.5, port, 111.7; 
I.H.P., starboard, 2,437, port, 2,482, total, 4,919; speed by log, 
17.52 knots; coal per I.H.P. per hour, 1.7 pounds. 

Diana.—This second class, sheathed cruiser, built by the Fair- 
field Shipbuilding and Engineering Co., Govan, and described on 
page 170 of the February number, has completed satisfactory 
official trials. The vessel was delivered by the contractors at the 
Sheerness dockyard on September 13, and there prepared for the 
trials. 

The eight hours’ trial under natural draft was made on Octo- 
ber 17. The draught of vessel was 19.5 feet forward and 21.5 
feet aft; steam pressure in boilers, 145 pounds per square inch; 
vacuum, starboard, 26.4, port, 26.9 inches ; revolutions per minute, 
starboard, 136.8, port, 135.8; I.H.P., starboard, 4,206, port, 4,046, 
total, 8,252; speed, 19.72 knots; consumption of coal per I.H.P. 
per hour, 2.25 pounds; air pressure, .46 inch. 
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On October 20, the four hours’ trial under forced draft was 
completed. The contract I.H.P. of 9,600 was exceeded by 275. 
The speed was 20.16 knots. 

The thirty hours’ coal consumption trial was finished on Octo- 
ber 24. 

Draught of vessel, forward, 18.75 feet; aft, 21.5 feet; steam 
pressure in boilers, 142 pounds per square inch; vacuum, star- 
board,.26.6, port, 26.9 inches; revolutions per minute, starboard, 
116.2, port, 116; I.H.P., starboard, 2,459, port, 2,457, total, 4,916; 
coal per I.H.P. per hour, 1.47 pounds; speed, 17.24 knots. 

Pactolus and Pomone.—By the naming of the Pomone, the 
list of the six third class cruisers authorized this year has been 
completed. The general data of these vessels were given on page 
391 of the May number. The Pomone will be built at the Sheer- 
ness dockyard. The contract for the machinery of the Pactolus 
has been given to Messrs. John Penn & Sons, Greenwich. The 
machinery of the Pomone will be built at the Devonport dock- 
yard. 

The engines will be of the vertical, inverted, triple expansion 
type, with cylinders 20.5, 33 and 54 inches in diameter, the stroke 
being 27 inches. These engines will be the same as those for 
the earlier cruisers, Pe/orus and Proserpine. There will be piston 
valves on the H.P. and I.P. cylinders. There will be eight 
Blechynden water tube boilers on the Pactolus, and Thorny- 
croft water tube boilers on the Pomone, the working pressure to 
be 300 pounds per square inch at the boilers, reduced to 250 
pounds at the engines. The total heating surface will be about 
17,504, and the grate surface about 351 square feet. 

Working at 220 revolutions per minute, the engines are ex- 
pected to develop 7,000 I.H.P., and give a speed of 20 knots. 

According to the “ Naval and Military Record,” London, “a 
new feature is to be adopted in the construction of the machinery, 
it having been decided to electroplate the steam pipes internally 
and galvanize them externally, this precaution being taken to 
prevent corrosion. Recently there have been several machinery 
breakdowns in consequence of defective steam pipes, which the 
naval engineers have stated would not have occurred but for 
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corrosion, and the Admiralty intend in future to have the steam 
pipes of all new machinery subjected to the electro-plating and 
galvanizing process.” 

Spanker.—The trials of this torpedo gunboat, with the new 
DuTemple boilers, were given on page 392 of the May number. 
The following data of the new boilers are from a paper by Mr. 
G. Malfatti, Engineer, Italian Navy, published in the “ Rivista 
Marittima,” Rome. 

There are four boilers, designed for a working pressure of 200 
pounds per square inch. They havea total grate surface of 172.2, 
and a total heating surface of 8,052 square feet, the ratio of heat- 
ing to grate surface being 46.75 to 1. The weight of the four 
boilers complete, without water, is 47.24 tons; weight of water, 
11.81 tons; total weight, 59.05 tons. 

Janus, Lightning and Porcupine.—A description of these 
torpedo boat destroyers, built by the Palmer Shipbuilding and 
Iron Company, Jarrow-on-Tyne, with some results of their trials, 
were given on page 425 of Volume VII and pages 173 and 398 
of the current volume. The following additional description of 
the machinery, and a comparative table of the trials, is from 
“ Engineering,” London: 

The vessels are built of steel rolled at the steel works depart- 
ment of the company, and the galvanizing was also carried out 
in the same section of the works by electro deposition. It may 
be stated that Palmer’s works have also supplied the material of 
which other destroyers have been built by different firms. The 
vessels and their machinery were both designed by the company 
in accordance with the conditions laid down by the Admiralty as 
to speed, armament, load to be carried, &c. 

The trials were made off the mouth of the Thames, and during 
that of the Lightning there was a strong wind and heavy sea. 
In spite of this, at one time the vessel was going through the 
water at the rate of over 29 knots. The machinery and boilers 
were reported to have worked satisfactorily, the latter giving 
an ample supply of steam, the air pressure being, as will be seen 
by the table, by no means high. 


| 
~ 
— 
t 
} 
| 
f 


836 SHIPS. 


The following are the results of the official trials of these 
boats : 


Janus. Lightning. | Porcupine. 
| j | 
August 6, 1895. | November 5, 1895. February 19, 1896. 
| é | 8% 
3 | #3 3 
MEE) 2 | |) £ | 
Starboard.....| 367.67 | 365.8 378.2 371-2 | 363.9 | 360.8 
Revolutions per minute...< Port............ | 370.72 368.5 3759 365.4 | 365.2 | 362.0 
Mean.........., 369-19 | 367.1 377- | 368.3 | 364.5 | 361.4 
Steam pressure, pounds per squareinch.. 192 | 193 187 192 198 | 1097 
Vacuum, inches........ 26.25 26.1 26.7 26.5 26.7 26.7 
Indicated horse power 13,750 ‘| 3,789 3,925 4,000 3,862 3,866 
Air pressure, inches... 2.6 2.48 2.26 2.48 2.07 2.22 


Speed, knots. 27.728 27.805 28.274 27.944 27.989 27 915 


The consumption of fuel on the various boats ranged from 14 
to 15 tons of coal for the three hours’ trials. These boats are 
stated to be very free from vibration, a fact which is certainly 
true of the Porcupine, and doubtless of the other vessels. It may 
be noted that less than 2} inches of air pressure was sufficient, 
although, owing to the arrangement of the tubes, &c., in the type 
of boiler used, more resistance is offered to the passage of gases 
than is the case in some of the straight tube boilers. 

It is worth noting that there was no alteration from the origi- 
nal design of the machinery, the propellers of the three vessels 
being identical and similar to the first pair tried. 

The engines have cylinders 18, 27.5 and 42 inches in diameter, 
the stroke being 18 inches. The bedplate is formed by two rolled 
steel angle bars with five cross girders of cast steel between, to 
carry the bearings of the crankshaft in the usual way. The bear- 
ings are of white metal, and have forged steel keeps. The 
turned columns are of steel, and are rigidly braced transversely 
and longitudinally. The cylinders are cast with solid bottoms 
and are bolted together; the steam connections are formed by 
copper pipes. Piston valves are fitted to all cylinders, the high 
and intermediate pressure valves being of cast iron, whilst the 
low pressure valve is of aluminum bronze. The cylinder 
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covers are of cast steel. The pistons are of forged steel and 
are machined all over. They are fitted with Ramsbottom rings. 
The piston rods and connecting rods are of steel, and are 
forged hollow, whilst all unnecessary metal about the heads is 
machined off for lightness. The piston rod shoe is solid with 
the rod, and is lined with white metal on the ahead surface for 
working on the cast iron guide bars; the latter being hollow 
and having the water service usual with engines of this nature. 
The guide bars are attached at the top to brackets depending 
from the cylinders, and at the bottom ends there are horizontal 
forged bars between the columns to act as supports. The 
three-throw crankshaft is a hollow steel forging, and has the 
large bearing surfaces necessary with quick running engines 
of the type. Balance weights are attached to the crank webs. 
The valve gear is of the ordinary double-bar type, the forgings 
being of steel. The eccentric straps are of gun metal, lined with 
white metal. The reversing shafts are hollow steel forgings in 
two pieces. One of the levers is forged on the coupling. The 
reversing gear is for hand power only, but has worked well. 
The time on trial, from full speed ahead to astern was seven 
seconds. All handles for controlling the engines are at the for- 
ward end, across which a starting platform has been arranged. 

The condensers are cylindrical, of sheet brass riveted together. 
The centrifugal circulating pumps are at their forward ends, the 
inlet and outlet pipes being led in as direct a manner as possible. 
There is a slight lip projecting beyond the skin of the vessel on 
the inlet, and it has been found that a vacuum of 27 inches can 
be maintained without the circulating pumps when steaming at 
27 knots. 

The air pump is driven by a double crank forward of the end 
of the main crank shaft, the pump being secured to the bedplate 
girders, which are prolonged for the purpose. At the after end of 
the engines, the thrust block is attached in a similar manner, a 
disposition which makes the engines self-contained. The ar- 
rangement of the engines is such that there is a passage down 
the center between the engines, and also a way at each wing be- 
tween the engines and the condensers. There is also a passage 
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at the back, and with the starting platform at the forward part, 
free access is given all round the engines. 

Lubrication is well provided for, as is necessary in quick- 
running engines of this type. The oil boxes are fed from tanks 
high up in the engine room, and are fitted with sight feeds under- 
neath. The usual water service for cooling is attached, that for 
the thrust blocks having branch pipes leading to each horse shoe. 
The thrust shaft and stern shaft are of hollow forged steel. The 
stern tubes are formed by steel tubes built into the ship and fitted 
with cast steel bushes at each end, these bushes being lined with 
white metal. In both the stern tubes and outer brackets, the bare 
steel shafts work on white metal without any gun-metal lining. 
The propellers are three-bladed, of aluminum bronze, the blades 
and boss being cast in one. The propellers are entirely below 
the bottom of the vessel, so as to insure as far as possible that 
they should work in water unmixed with air. 

Special care has been taken in the design of these engines to 
avoid vibration, both by apportioning the balance weights and 
by staying the engines within themselves. The two sets are also 
stayed together and to the hull at the tops of the cylinders. In 
addition, the two vertical plates forming the outer girders of the 
engine seating are continued through the boiler room to afford 
supports for the boilers, and thus constitute two plate. girders 
from the after end of the engine room to the forward end of the 
boiler room. Judging by the trial of one of these vessels which 
we attended, the efforts made in this direction have been attended 
with success. We understand that an experiment, made by run- 
ning one of these engines without balance weights, indicated that 
the freedom from vibration was principally due to the presence of 
these weights, although doubtless the staying of the engines and 
the stiffness of the hull structure greatly assisted towards the de- 
sired end. 

The air compressing machinery, together with evaporating and 
distilling machinery for feed make-up and the supply of fresh 
water for drinking purposes, are in the engine rooms. A sepa- 
rate duplex pump is fitted for pumping out the bilges. The 
steam steering engine is placed on the after engine room bulk- 
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head. The feed tanks in the engine room are fitted with a simple 
form of grease filter. A small air pump is attached to each cen- 
trifugal pumping engine to keep the main condensers free from 
water when the main engines are stopped. 

The water tube boilers of these vessels are designed by Mr. 
J. W. Reed, the chief engineer to Messrs. Palmer’s, and have a 
working pressure of 210 pounds to the square inch. They have 
three drums, two in the wings and one above, with the generating 
tubes connecting them, and there are two large external down- 
cast pipes at each end, so arranged as to form a substantial part 
of the framework of the boiler. The chief object in fitting the 
downcomers is to provide ample circulation of water, so as to 
give a good supply to the bottom ends of the tubes. A manhole 
is provided in the ends of the upper chamber to give free access 
to the interior. The tubes are bent so that the rows on each 
side nearest the fire meet in the middle, and thus form a crown 
to the furnace, protecting the top barrel in a manner similar to 
that adopted in the Thornycroft boiler. There is also a protect- 
ing shield of fire tiles or other refractory material placed above 
the point where these two rows branch off from each other before 
entering the top drum. 

The rows of tubes nearest the fire are not only curved to the 
contour necessary to form the furnace, but are bent in the man- 
ner of a flattened zigzag or wave form where they are exposed 
to the full force of the radiant heat of the fire. 

The method of attaching the tubes to the curved tube plates 
which form the top drum and wing chambers, respectively, is 
designed with a view to enable the joints to accommodate them- 
selves to any slight deviation of the tubes from the correct line. 
A semi-spherical washer or ferrule is secured to the tube on the 
inner side of the tube plate, whilst there is a corresponding ori- 
fice in the tube plate to take the washer. When the nuts on the 
tubes are screwed up, the spherical surfaces are drawn into close 
contact with one another to form an effective joint. Mr. Reed 
has also designed another form of joint which is a further exten- 
sion of this principle, and which has a second spherical fitting, 
the nut on the tube outside of the tube plate being dished to fit 
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over a washer with acorrespondingly formed back. This would 
appear to carry out his intention more fully, but the arrangement 
described is that adopted in the boilers in question, and has been 
found to answer the purpose for which it was designed. In these 
tubes, we are informed, it was rather difficult to get the exact 
bend so as to make them lead fair within the holes, but by the 
spherical joint, the tube could be drawn up and the joint made 
secure, even if the tube end were not fairly in line. The face 
where the nut goes on is intended to be at right angles to the 
axis of the intended central line, but owing to the bottom cham- 
bers being made of bent boiler plates, it was found that accuracy 
was not always obtained in actual work. 

The tubes are of solid drawn steel, galvanized externally by 
electro deposition. By means of the particular joint described 
they are very readily placed in the boiler and secured. In the 
boilers of these vessels there are 30,000 of these joints, and we 
understand that not one has been known to leak. Baffle plates 
are placed at the sides and over the tubes, to assist in deflecting 
the gases. The casing or smoke jacket surrounding the furnace 
and tubes is double, with an air space between, and is lined on the 
fire side with an asbestos composition. The arrangement is satis- 
factory, radiation being reduced to a very low point, it being pos- 
sible to place one’s hand on the boiler front when working with 
heavy forced draft. The part immediately in contact with the 
fire is lined with fire quarls. Three fire doors are provided, which 
close and fasten automatically. The system of supplying air to 
the furnaces through non-return doors is adopted in order to 
prevent flame passing into the stokehold in case of a burst tube. 
Weare informed that the twelve boilers for these three vessels have 
been many times under steam, in some cases, for experimental 
purposes, being driven with an air pressure equal to 5} inches, 
but there has not been an accident or leaky joint. 

The main steam pipes are solid drawn steel tubes with riveted 
flanges, a separate pipe being led from each boiler room to the 
engines. A complete system of steam pipes is also fitted for sup- 
plying the auxiliary machinery, and there is a separate system of 
exhaust pipes from the auxiliary engines to both condensers. 
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The boilers are arranged two in a compartment. The forward 
and after boilers have each a separate funnel, the two center ones 
having one large funnel common to both. Two single-breasted 
fans are fitted in the stokehold for forced draft. There is one 
main feed pump to each boiler, controlled by an automatic feed 
regulator designed by Mr. Reed. Inthe stokehold there is also 
a third duplex pump for auxiliary feed. These pumps draw from 
two feed tanks in the engine room, the main air pumps deliver- 
ing into them. 

The first boiler made was tested on shore, and an evaporation 
at the rate of 28,300 pounds of water per hour was recorded. On 
an evaporation trial of six hours’ duration, made with one of the 
boilers of the Lightning when fitted on board, an evaporation of 
12 pounds of water per pound of Welsh coal was recorded. The 
boilers are reported to be capable of supplying more steam than 
the engines can take. The Porcupine was taken out to sea with 
only half her boilers in action to see what speed could be ob- 
tained under these conditions. The two boilers supplied steam 
for about 2,800 I.H.P., or 1,400 horse power each, with less than 
4 inches of draft, the mean speed of the vessel being 23.79 knots. 
One boiler weighs 13} tons complete, with furnace gear, clothing, 
mountings, water, &c. 

Recruit.—This 30-knot torpedo boat destroyer, one of the four 
building by Messrs. J.and G. Thomson, Clydebank, was launched 
on August 22. As stated on page 820 of Volume VII, the dis- 
placement is 300 tons and the expected I.H.P. 5,800. 

Star and Whiting.—These 30-knot torpedo boat destroyers, 
two of the eight vessels mentioned on pages 401 and 622 of the 
current volume, building by the Palmer Shipbuilding and Iron 
Company, Jarrow-on-Tyne, were launched from their Howden 
yard in August. The following particulars are from “ Engineer- 
ing,” London. 

Length, 215 feet; beam, 20.75 feet; displacement, about 300 
tons. The armament will consist of one 12-pounder on the con- 
ning tower, four 6-pounders in broadside and one 6-pounder ona 
platform aft, all rapid fire guns, and two revolving torpedo tubes 
on deck. 
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The twin screw engines are of the triple expansion type. There 
are four Reed water tube boilers. 

Desperate.—The repairs involved by the breakdown, men- 
tioned on page 621 of the August number, having been completed, 
the official trial was made on September 4. Previous trials (and 
the new requirements exacted on the trials of these vessels) were 
described on page 399 of the May number. The following data 
are from “ The Engineer,” London. 

Mean results of the six runs on the measured mile. Revolu- 
tions per minute, starboard, 400.15, port, 406.47, mean, 403.31; 
speed, 30.428 knots. 

The mean speed for the three hours’ run was 30.018, for which 
the corresponding revolutions would be 401.49. The coal con- 
sumption per I.H.P. per hour was 2.43 pounds. 

A slight defect having made itself apparent towards the end of 
this trial, a supplementary three hours’ trial, under the same con- 
ditions as above, was made on September 24, with results entirely 
satisfactory to the engineer officers responsible for the final ac- 
ceptance of this vessel. The Desperate is the first to be accepted 
of the twelve 30-knot destroyers ordered last year and mentioned 
on page 820 of Volume VII. 

Sparrowhawk.—This torpedo boat destroyer, built by the 
Messrs. Laird Bros., Birkenhead, and described on page 820 of 
Vol. VII, completed a three hours’ preliminary trial on July 24, 
making a speed of 30.25 knots. The displacement on trial is 
given as 220 tons. The water tube boilers are of a modified 
Normand type. On September 14, another trial was made in a 
rough sea, the speed being 30.5 knots. In the beginning of Oc- 
tober, the contractors’ trials were successfully completed, and on 
October 16, the official trial was made. The revolutions per 
minute on the measured mile were 364, the speed being 30.2 knots. 
The mean speed for the three hours was 30.68 knots. The full 
contract load was on board. 

On October 24, another three hours’ trial was made to deter- 
mine the coal consumption at 30 knots. The mean results for 
the three hours were as follows. Speed, 30.03 knots; I.H.P., 
6,000; coal per I.H.P. per hour, 2.49 pounds of Welsh coal. 
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C possum.— While in the hands of the dockyard, whither she 
had gone to renew damaged propeller blades, caused by striking 
a rock, defects in her boilers were discovered. After extensive 
repairs, the vessel started on a three hours’ trial on July 27. 
This trial was interrupted by the breakdown of the P.H.P. en- 
gine. Examination at the Devenport dockyard showed that the 
slide valve and valve chest bonnet were broken and the rod 
badly distorted. 

The results of the official trials, made in February, were 
given in detail on pages 396 and 397 of the May number. 

Spitfire.—This torpedo boat destroyer, launched on June 7, 
1895, was delivered to the Government on July 30, 1896, by the 
contractors, Messrs. Armstrong, Mitchell & Co., Newcastle. The 
sister vessel, the Swordfish, was described on page 618 of the 
August number. It may be added that the designed displace- 
ment of these vessels is 265 tons, and that their armament con- 
sists of one 12-pounder and five 6-pounder rapid fire guns and 
two torpedo tubes. 

On August 19, the three hours’ official trial was made, the re- 
sults being as follows. Steam pressure at boilers, 195 pounds per 
square inch; revolutions per minute, 398 ; I.H.P., 4,527, or 527 
over the contract requirement; speed for the three hours, 27.461 
knots, for the six runs over the measured mile, 27.775 knots. 

Swordfish.—This destroyer, built by Messrs, Armstrong, 


Mitchell & Co., Elswick, made two other full power trials in 


October. On the official trial, detailed on page 619 of the August 
number, the contract speed of 27 knots was not attained, although 
the I.H.P. was exceeded. From the following data of the first 
October trial, it will be seen that similar results were obtained. 

Draught, forward, 5 feet 14 inches, aft, 7.5 feet; speed, 26.702 
knots; steam pressure in boilers, 199 pounds per square inch; 
vacuum, starboard, 24.2, port, 24.4 inches; revolutions per min- 
ute, starboard, 398.5, port, 392.7; I.H.P., starboard, 2,208, port, 
2,227, total, 4,435; air pressure, 2.66 inches. The weather was 
bad and the sea rough. 

Another trial was made, with the following official results. 
Steam pressure in boilers, 203 pounds per square inch; vacuum, 
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23 inches; revolutions, per minute, 399; I.H.P., 4,570; air 
pressure, 2.3 inches. As will be seen, the contract requirements 
were exceeded. 

Foam.—The third torpedo boat destroyer of the Desperate 
class, building by Messrs. J. I. Thornycroft & Co., was success- 
fully launched on October 8, with all machinery and armament 
on board. 

Avon.—This 30-knot torpedo boat destroyer, building by the 
Naval Construction and Armaments Company, Barrow, was suc- 
cessfully launched on October Io. 

Salmon and Snapper.—The following details of the machin- 
ery of these 27-knot destroyers, built by the Earle’s Shipbuilding 
and Engineering Co., Hull, are from “ Engineering,” London. 
These vessels were accepted in 1895, the official trials of the 
Salmon being given in detail on page 817 of Vol. VII. The trial 
data of the Suapper, published now for the first time, are given 
below. 

The length of these vessels is 200 feet; breadth, 19 feet 6 
inches; and displacement in service trim and steam up about 
250tons. They are built entirely of steel of light scantling. The 
whole of the material used was galvanized by the builders by 
means of their electro deposition plant. The armament con- 
sists of two torpedo tubes,one 12-pounder gun mounted on the 
top of a conning tower, and five 6-pounders, two of which are. 
mounted on each broadside, and one on a raised platform aft. 

The main propelling machinery, also designed by the builders, 
consists of two sets of triple expansion engines with cylinders 
19.25, 28.5 and 43 inches in diameter, the stroke being 18 inches. 
These engines are somewhat novel in design, especially as regards 
the framing, the usual turned and polished steel back columns 
having been replaced by manganese bronze frames designed to 
carry the piston rod guides. The bed plate is also formed of 
transverse girders of manganese bronze bolted to fore-and-aft 
rolled steel girders. The front columns are of polished steel, and 
are well stayed both fore and aft and athwartships. Manganese 
bronze has been extensively used in connection with the various 
parts where cast steel is usually employed, in addition to the bed- 
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plate and frames above mentioned. This change in design is said 
to have given most satisfactory results. Piston valves of light 
design are used throughout, being actuated by double eccentric 
link motion. The links are of the slot type. The valve gear 
is controlled by a single cylinder steam reversing engine, in 
addition to the usual hand reversing gear. The air pumps are 
placed forward of the main condenser, and are worked by means 
of a crank driven by a connection with the foremost end of the 
engine crankshaft, and a return connecting rod to a crosshead 
fitted to the two pump rods. 

The condensers are cylindrical and built of thin sheet brass. 
They are placed in the wings of the engine rooms as low down 
as practicable. The circulating water is forced through them by 
means of centrifugal pumps, assisted by external scoops, which 
are so efficient as to render the services of the pumps almost un- 
necessary when the vessels are steaming at a high speed. The 
crankshafts, as well as the straight shafting, are of hollow steel. 
Balance weights have been fitted to the crank arms with a view 
to reduce the vibration of the engines. 

The boilers are eight in number, and are of the Yarrow type. 
Four are placed in each of two boiler rooms, which are separated 
by a water tight bulkhead. The feed water is supplied to each 
boiler by an independent direct acting duplex Worthington 
pump. In addition to the four main pumps in each boiler room, 
an auxiliary pump is fitted which is capable of feeding any one 
or all of the boilers through the auxiliary service. These pumps 
are also arranged to deliver through the fire service on deck. 
This arrangement for feeding the boilers is reported to have 
worked in a very satisfactory manner, no difficulty having been 
experienced throughout in maintaining a steady level of water 
in the boiler, in spite of the fact that no automatic feed regulating 
gear was fitted. 

The forced draft is supplied by two Belliss’ fans, driven by in- 
dependent engines fitted in each stokehold. The air from them 
reaches the fires by way of orifices in a screen built across the 
boiler room, and guarded by automatic flaps. The latter are 
designed to obviate danger in the stokehold through flames 
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caused by back draft, in turn the result of the bursting of a tube 
or some other cause. The boilers were designed for a working 
pressure of 185 pounds per square inch, and this pressure was 
maintained with a moderate air pressure in the stokehold 
throughout the official high speed trials. 

The results of the official trial of the Sxapper, being the means 
for three hours, were as follows. Steam pressure in boilers, 180 
pounds per square inch; vacuum, 25 inches; I.H.P., 3,699; 
speed, 27.56 knots; air pressure in fire rooms, 2.66 inches. The 
mean speed for the six runs on the measured mile was 27.908 
knots. 

A satisfactory feature of these trials was the low .power re- 
quired to give the speed (Sa/mon, 3,589 to 3,628 I.H.P., and 
27.608 knots; Sapper, 3,699 I.H.P., 27.56 knots). Careful ob- 
servations which were made are reported to have shown that the 
wave formation was remarkably slight, and the alteration of trim 
between the vessels being at rest and at the high speed was un- 
important, the squatting frequently observed in vessels of this 
class being scarcely noticeable. The propellers used were three- 
bladed, the blades being separate Stone’s bronze castings secured 
to cast steel bosses by means of a special arrangement of wedges 
and bolts. It may be remarked that the propellers used on the 
successful trials were those originally designed, no alteration 
having been found necessary or desirable. 

The following are the reported results of the twelve hours’ con- 
sumption trial of the Svapper. Vacuum, 25.14 inches; I.H.P., 
491; speed, 12.984 knots; air pressure, .35 inch; coal per I.H.P. 
per hour, 1.8 pounds. 

This trial took place in the passage from the builders’ yard on 
the Humber to Chatham, at which dockyard the vessels were 
delivered, four boilers only being under steam throughout the 


run. 

The manceuvring trials and the usual stopping and starting 
trials were successfully made, the time occupied when the engines 
were going full speed ahead to bring them to full speed astern 
being six seconds. This is a satisfactory performance, especially 
in view of the fact that the vacuum in the condensers was de- 
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stroyed through a misunderstanding, one of the cocks on the 
condensers being opened at the same time that the order to go 
.astern was received in the engine room. 


FRANCE. 


Charles Martel.—This battleship, which was launched at 
Brest in September, 1893, has made several preliminary trial 
trips. 

One trial, at 71 revolutions per minute, gave a speed of 13.74 
knots, with 5,474 I.H.P.,the coal per I.H.P. per hour being 1.76 
pounds. 

Another, at 89 revolutions, gave a speed of 16.8 knots, with 
10,839 I.H.P., the coal per I.H.P. being 2.3 pounds. 

On August 11 a trial was made at 52.5 revolutions, the speed 
being 10.6 knots, I.H.P., 2,120, coal per I.H.P., 1.72 pounds, and 
coal consumed per square foot of grate surface, 10.65 pounds, 

On August 15, a trial at about 4,900 I.H.P. was commenced, 
but was interrupted by the discovery that three steam pipes of 
the starboard engine were cracked. After these repairs had been 
completed, a six hours’ coal consumption trial was made on Sep- 
tember 30, the I.H.P. being 5,308, the coal per I.H.P. per hour, 
1.41 pounds, and the speed, 13.8 knots. 

St. Louis.—This first class triple screw battleship, a sister 
vessel of the Charlemagne, described on page 427 of Volume 
VI and page 823 of Volume VII, was successfully launched on 
September 8 at the Caudan Works, Lorient. The rate of build- 
ing this battleship is remarkable for the French Navy, as the 
keel was laid only fifteen months before. The principal dimen- 
sions of this vessel are here repeated. 

Length, 385.5 feet; beam at water line, 66.47 feet; draught, 
aft, 27.56, mean, 25.92 feet ; displacement, 10,951 tons; I.H.P. at 
125 revolutions per minute, 14,300, under forced draft; corre- 
sponding speed, 18 knots; speed with 9,370 I.H.P., 16.5 knots; 
normal coal supply, 666 tons. The engines are of the vertical 
four-cylinder triple expansion type. The twenty Belleville boil- 
ers, arranged in four compartments, have a working pressure of 
240 pounds per square inch. There are two smoke pipes. 


848 SHIPS. 


The Charlemagne and St. Louis are the first French battleships 
to use harveyized steel armor. This is used for the central part 
of the vessel. At the ends, the armor will be of special nickel or 
chrome steel. The details of the construction and the armament 
have already been given. 

Gaulois.—This first class triple screw battleship, a sister ves- 
sel of the Sz. Louis, was successfully launched at Brest on October 
6. As the construction of this vessel was commenced on Janu- 
ary 22, 1896, the rate of building has exceeded that for the Sz. 
Louis. About 3,640 tons of material had been worked into the 
hull at the date of launching, an amount which is greater than 
the launching weight of the S¢. Louis. 

Amiral Pothuau.—This armored cruiser, the building of 
which was begun at the end of 1892 by the Forges et Chantiers 
de la Mediteranée, near Havre, was launched, after a first unsuc- 
cessful attempt, on August 22d, 1895. The vessel arrived at 
Cherbourg on August 12th, 1896, to receive her armament and 
prepare for the official trials. 

The designs of this cruiser are by Naval Constructor Thibau- 
dier. Her length is 370.7 feet ; beam, 50.2 feet ; draft, aft, 21.32 
feet ; displacement, 5,236 tons. 

The armor belt is of hardened steel, varying in thickness from 
1.26 to 2.36 inches. The protective deck is 3.35 inches thick on 
the sloping sides and 1.38 inches thick on the horizontal part. 
The conning tower is .94 inch thick. There are two closed 
turrets, one forward and the other aft, placed on the center line 
of the vessel, and protected by 7.1-inch armor. 

The armament consists of two 7.64-inch, 40-caliber guns, one 
in each turret, the turrets being worked either by electricity or 
by hand. Ten 5.45-inch rapid fire guns, eight of these in the 
armored redoubt, arranged with direct ahead or astern fire for 
four guns; the remaining two in sponsons, with an angle of fire 
from right ahead to astern. All of the 5.45-inch guns are pro- 
tected by shields of special steel, 2.13 inches thick, this being 
the only protection for the two guns in the sponsons. There are, 
besides, sixteen 1.85-inch and eight 1.46-inch rapid fire guns, 
and five torpedo tubes. 
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The machinery consists of two vertical, inverted, triple expan- 
sion engines, designed for about 7,400 I.H.P. with natural draft, 
and about 9,860 with forced draft. The speeds expected are 18 
and 19 knots, respectively. The boilers are of the Belleville 
type. The bunker capacity is about 530 tons. 

Descartes.—Further trials of this cruiser were made on July 
31 and August 11. The results of previous trials were given on . 
page 626 of the August number. 

The trial on July 31 was made under natural draft, the revo- 
lutions per minute being 123; speed, 18.2 knots; I.H.P., 6,194; 
coal per I.H.P. per hour, 1.77 pounds; coal burned per square 
foot of grate surface, 17.41 pounds. The engines worked well. 

On August 11 the coal consumption trial was made, the speed 
obtained being 10 knots; revolutions per minute, 62; I.H.P., 
902.5; coal burned per square foot of grate surface per hour, 
8.6 pounds ; coal per I.H.P. per hour, 1.71 pounds. 

Extensive changes in the hull of this vessel are to be made at 
Brest, with a view to increasing her stability. This work will 
take from five to six months. According to ‘‘The Engineer,” 
London, 125 tons of sand, of which go tons will be cemented, 
are to be placed in the double bottom, 

Pascal.—This sheathed, twin screw, second class cruiser, de- 
scribed on page 189 of the February number, made a three hours’ 
coal consumption trial on September 30. The I.H.P. was 7,133; 
coal per I.H.P. per hour, 1.87 pounds; coal burned per square 
foot of grate surface, 19.05 pounds; mean speed on measured 
mile, 18.5. 

Catinat.—This sheathed second class cruiser, dentinal on 
page 205 of Vol. VI, was successfully launched by the Société 
des Forges et Chantiers de la Mediterranée, Havre, on October 
8. This cruiser is a modified Descartes, and is expected to make 
19 knots. The principal data of the vessel as finished are as fol- 
lows, according to “ Le Yacht,” Paris. 

Length, 332 feet; beam, 44.62 feet; draught, aft, 21.16 feet; 
displacement, 4,001 tons. 

The armament will consist of four 6. 46-inch guns protected by 
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2.13-inch shields; ten 3.28-inch guns, similarly protected ; ten 
1.85-inch and four 1.46-inch guns, and two torpedo tubes. 

The twin screw engines are designed for about 6,g00 I.H.P. with 
natural, and 8,877 with forced draft. The speed at full power is 
expected to be 19 knots. The boilers are of the Belleville type. 

The cost of the vessel complete will be about $1,615,860, of 
, which about $249,327 will be for the guns and torpedoes. The 
* vessel is to be delivered in February, 1897. 

Durandal and Hallebarde.—These two torpedo boats are to 
be built by Mr. Normand, at Havre. The displacement will be 
about 290 tons, ‘and the speed, 26 knots. The boilers will, of 
course, be of the Normand water tube type. 

Cyclone.—This torpedo boat will also be built by Mr. Nor- 
mand. The displacement will be about 145.26 tons, and the 
speed, 30 knots. 

GERMANY. 

Torpedo Boats.—Six sea-going torpedo boats are building 
by Mr. F. Schichau, Elbing. They will be 152.5 feet long be- 
tween perpendiculars. The engines will be of a new type, having 
a simplified Joy valve gear, and are designed for 2,466 I.H.P. 

There will be two Thornycroft water tube boilers with a total 
heating surface of 602.8 square feet. The guaranteed speed is 
25 knots. 

ITALY. 

Carlo Alberto.—This armored cruiser, of the Garibaldi type, 
and a sister vessel to the Vettor Pisani, described on page 830, 
Vol. VII, was successfully launched on September 23. The 
launch of this vessel was previously reported as having taken 
place in March; from another report it seems that the vessel was 
launched in September, after a serious hitch. There is no reli- 
able report of what happened during the intervening six months. 
The following data are from the “‘ Rivista Marittima,” Rome. 

The length between perpendiculars is 324.8 feet; beam, 59.16 
feet; draught, mean, 22.96 feet; displacement, 6,397 tons; I.H.P., 
12,822; speed, 20 knots. The hull was built at the dockyard at 
Spezia, and the machinery by Messrs. Ansaldo & Co., Sampier- 
darena. 
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The armament will consist of twelve 6-inch Armstrong guns; 
six 4.7-inch and ten 2.24-inch guns; a number of smaller guns, 
and five under water torpedo tubes. The complement will con- 
sist of from 20 to 25 officers and 460 men. The protection and 
internal arrangements of the hull, the machinery and the coal 
supply are identical with those of the Garibaldi, described on 
page 605 of the August number. 

_ The keel of the Carlo Alverto was laid on February 1, 1893. 


NORWAY. 


Valkyrien.—This torpedo boat destroyer, built by Mr. F. 
Schichau, Elbing, Germany, completed her trials on May 11. 

The length is 190.2 feet; beam, 24.27 feet; depth, 13.45 feet; 
draught, 9.19 feet; displacement, 374 tons. 

The armament consists of two 2.76-inch guns, two machine 
guns and two tubes for 17.72-inch Schwartzkopff torpedoes, one 
forward and the other aft. 

There are twin screw engines, designed for 3,250 I.H.P., and 
two Thornycroft boilers, with 6,997 square feet of heating sur- 
face and a working pressure of 200 pounds per square inch. The 
propellers are 7.22 feet in diameter, the pitch being variable from 
10.5 to 11.5 feet. The coal capacity is 88.5 tons. 

Without forcing, an average speed of 23.2 knots was main- 
tained for three hours, or 1.2 knots over the contract speed. The 
revolutions per minute were 240 and the I.H.P., 3,255. 

This destroyer was paid for by the voluntary contributions of 
the Norwegian Women’s Patriotic Association (Mittheilungen 
aus dem Gebiete des Seewesens, Pola). 


PORTUGAL. 


New Cruisers.—According to “ Industries and Iron,” Lon- 


as follows. 

3,550-ton Cruiser.— Lowest bid by Mr. F. Schichau, Danzig, 
Germany, $1,097,500, without armament. Germania Co., Kiel, 
Germany, $1,107,500, without armament. The Naval Construc- 
tion and Armaments Co., Barrow-in-Furness, $1,185,000, without 


don, the bids for one 3,550-ton and two 1,770-ton cruisers were, 
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armament. Messrs. Armstrong, Mitchell & Co., Newcastle-on- 
Tyne, $1,418,000, including armament. 

The general descriptions of this cruiser, taken from the pro- 
posals by the “ Rivista Marittima,” Rome, are as follows. 

The hull of the vessel is to be of steel, wood sheathed and cop- 
pered, to be well subdivided, and to have a double bottom under 
the machinery spaces, at least. The load displacement to be 
about 3,550 tons on a maximum draught of 19.68 feet. 

The armament to consist of rapid fire guns only, four 5.9-inch, 
eight 4.7-inch, twelve 1.85-inch, and six 1.46-inch. There are 
to be, in addition, four machine guns and five torpedo tubes, 
three of these to be under water. 

The protective deck to extend the whole length of the vessel 
and to be from 4.33 to 1.57 inches thick. Cofferdams to be 
built above the protective deck on each side of the machinery 
spaces. There are to be two military masts. Provision to be 
made for a complement of about 300. To have twin screw ver- 
tical, triple expansion engines and water tube boilers. The speeds 
with natural and forced draft to be 20 and 22 knots, respectively, 
maintained continuously for six hours. The normal coal supply 
to be about 690 tons, with provision for not less than about 290 
tons additional. 

Two 1770-ton Cruisers.— Lowest bid by the Thames Ship- 
building & Iron Co., $440,000 each. Germania Co., $487,500 
each. Mr. Schichau, $640,000 each. ‘ 

These cruisers are also to be of steel, sheathed, with a displace- 
ment of about 1,770 tons on a maximum draught of 13.78 feet. 

The armament to consist of two 5.9-inch, four 4.7-inch and 
eight 1.85-inch rapid fire guns, two machine guns and one tor- 
pedo tube. 

To have vertical triple expansion engines and water tube boil- 
ers, the speed for six hours to be 15 knots under natural draft. 
The coal supply to be the greatest possible. The complement 
will be about 200. ; 

It is not yet known whether these vessels are to be built. 

Adamastor.—This cruiser, described on page 606 of Volume 
VII, was successfully launched by Messrs. Orlando Bros., Leg- 
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horn, Italy, in July. The keel was laid in June, 1895. The 
length over all is 259.5 feet. 


RUSSIA. 


Rostilav.—This steel battleship, building for the Black Sea 
fleet, was successfully launched at Nicolaieff on September 2. 
Her length is 345 feet; beam, 67.6 feet ; draught, aft, 23 feet, mean, 
22 feet; displacement, 8,740 tons. 

For about four-fifths of her length there is a belt armor, about 
7 feet wide and about 16 inches thick in the middle, and 11.8 
inches at the ends. Above this belt there is a central citadel 5 
inches thick. The protective deck, varying in thickness from 2 
to 2.95 inches, meets the belt armor about 5 feet below, and rises 
in the center to about 2 feet above the water line. 

The armament consists of four 12-inch 35-caliber guns, 
mounted in pairs in turrets, the armor of which is from 9.8 to 
11.8 inches thick. These guns have an angle of fire of 270 
degrees. Six 6-inch rapid fire guns in the citadel; sixteen 
1.85-inch and 1.46-inch rapid fire guns on deck and in the tops; 
and six torpedo tubes, one forward, one aft, and two on each 
broadside. 

The twin screw, triple expansion engines are to develop about 
8,400 I.H.P. and give the ship a speed of 16 knots. There are 
sixteen cylindrical boilers in four compartments. The furnaces 
are fitted for burning coal and liquid fuel. 


SPAIN. 


New Battleship and Cruisers.—Invitations to bid on one 
battleship and one cruiser were sent by the Spanish govern- 
ment to several leading shipbuilding firms in September, to 
which seven British firms responded. According to “Industries 
and Iron,” London, the commission to examine these bids has 
reported in favor of Messrs. Armstrong, Mitchell & Co., New- 
castle-on-Tyne, on the following general plans. 

The battleship to be of about 11,000 tons displacement, with 
a speed of 19 knots. The main armament to consist of four 
9.45-inch and sixteen 5.9-inch guns. The armor to be of harvey- 
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ized steel. The vessel to be completed in fourteen months at a 
cost of about $4,500,000. 

The cruiser to be of 6,500 tons displacement and to have a 
speed of 21 knots. The main armament to consist of two 7.87- 
inch and eight 5.9-inch guns. The vessel to be completed in 
twelve months at a cost of about $3,000,000. 

Water tube boilers will be used in both vessels. 

Another cruiser of about 1,800 tons displacement and a speed 
of 20 knots is to be ordered in Great Britain. 

Cristobal Colon.—This armored cruiser, which was building 
by Messrs. Ansaldo & Co., at Sestri Ponente, Italy, for the Italian 
Government, and bought by the Spanish Government, was suc- 
cessfully launched on September 16. 

The hull and the twin screw engines are practically duplicates 
of the Garibaldi, described on page 605 of the August number. 

The boiler installation was originally to consist of 16 Belleville 
boilers, but, according to the “ Revista General de Marina,” 
Madrid, and “ Marine Frangaise,” Paris, 24 Niclausse boilers, 
which are to be made in Paris, are now to be put in. The follow- 
ing data of these boilers are from the “ Marine Frangaise.” 

Total grate surface, 948.24, total heating surface, 30,965 square 
feet; ratio of H.S. to G.S., 32 to 1. They will be arranged in 
equal groups in four compartments. Each boiler will consist of 
11 collectors containing each 18 tubes, or a total for all boilers of 
264 collectors and 4,752 tubes. The inside and outside diame- 
ters of the tubes are 2.95 and 3.23 inches, respectively. 

The working pressure will be about 215 pounds per square 
inch, and the boilers are to be delivered in four months from the 
date of the order. 

The weight of the 24 boilers, without water, will be 315.9 tons; 
with water, 375 tons; total with water and all accessories, 384.35 
tons. Using the last weight, gives 27.8 pounds of boiler per 
square foot of H.S., 907.9 pounds per square foot of G.S., and 
62.35 pounds per I.H.P. (13,808 full power). The I.H.P., full 
power, per ton of boiler will be 3.59. 

The total floor space occupied by the boilers will be 1,358.42 
square feet. The width of each boiler compartment, containing 
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six boilers, will be 16.08, and the length, 43.31 feet; of this space, 
the six boilers will occupy 339.6 square feet. The I.H.P. at full 
power will be .838 per cubic foot of space occupied by boilers. 
There will be two smoke pipes with a total area of 141.2 square 
feet, the height above grates being 78.74 feet. The closed fire 
room system of forced draft will be used, eight blowers being 
capable of maintaining an air pressure of about one inch, 

The normal coal supply will be about 590 tons; this can be 
increased to 1,180 tons. 

The complement will consist of 500 officers and men. 

Princesa de Asturias.—This armored cruiser, building at 
Carracas, near Cadiz, Spain, was to be launched on October 9g, 
_ but she stuck in the mud. On October 17 she slipped into the 
water without help, and, apparently, uninjured. The vessel was 
ordered in September, 1889. 

The length is 347 feet 10 inches; beam, 61 feet; depth, 21 
feet 10 inches; displacement, about 6,890 tons. The hull is of 
steel and protected by a water line belt and a protective deck. 
There will be two smoke pipes and two light masts. 

The armament will consist of two 9.45-inch guns, in barbettes, 
one forward and the other aft, and ten 5.51-inch guns; these 
twelve are Hontoria guns. Eight 2.24-inch and four 1.65-inch 
Nordenfeldt guns; eight 1.46-inch Maxim guns and eight tor- 
pedo tubes. 

There will be twin screw, triple expansion engines, which are 
to develop about 14,790 I.H.P. and to give the vessel a speed of 
20 knots. The coal supply will be about 1,180 tons, and the com- 
plement 500 men. 

Dona Maria de Molina.—This torpedo gunboat was success- 
fully launched at Ferrol on October g. 

The length is 232.9 feet; beam, 27.23 feet; draught, aft, 8.76 
feet ; displacement, 817 tons. 

The armament will consist of two 4.7-inch Hontoria guns, one 
forward and the other aft; four 1.65-inch Nordenfeldt rapid fire 
and two Gatling guns; and four under-water torpedo tubes, 

The twin screw, triple expansion engines are designed for 4,537 
I.H.P. and to give the vessel a speed of 20 knots. The coal sup- 
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ply is about 120 tons. The complement will be 89 officers and 
men. The keel was laid on September 29, 1894. 

Furor and Terror.—These torpedo boat destroyers, built by 
Messrs, J. and G. Thomson, Clydebank, were launched in August 
and September, respectively, with all machinery in place. The 
length is 220 feet; displacement, ready for sea, 380 tons; speed, 


28 knots. 
TURKEY. 


Pelenkdideria (Sea Tiger).—This torpedo cruiser, built by 
the Germania Co., Kiel, Germany, was accepted after completing 
her trials. 

The length is 236.2 feet, and displacement, 827 tons. The twin 
screw, triple expansion engines were designed to develop 4,932, 
1.H.P. and give the vessel a speed of 20 knots. 


MERCHANT STEAMERS. 


MERCHANT STEAMERS. 


Creole.—This passenger and freight steamer, built by the 
Newport News Shipbuilding and Dry Dock Co., for the Crom- 
well Line, was successfully launched on August 8. The designs 
of the vessel are by Mr. Horace See, consulting engineer of the 
steamship company. She will run between New York and New 
Orleans. The following description is compiled from the “ Ma- 
rine Journal” and “ Seaboard,” New York. 

Her principal dimensions are as follows : Length over all, 375 
feet ; breadth, 44 feet; depth, 32.5 feet. 

The hull is built entirely of steel, with three continuous decks 
and a partial orlop deck forward and a promenade deck at top 
of main deckhouse extending about 170 feet in length. The 
Creole is the first vessel sailing out of New York in the coast- 
wise trade to be fitted with a water bottom. Besides this, her 
hull is subdivided into a number of water tight compartments by 
means of transverse bulkheads. The outside plating has vertical 
lap joints below the water line. She is rigged with two steel 
pole masts and the necessary booms for handling cargo. 

The Creole has accommodation for 75 first class passengers 
amidships, in the most comfortable part of the ship, and for 150 
steerage passengers aft. The large dining saloon is forward and 
extends the full width of the deck house. It has extra large 
round sidelights, giving an unobstructed view forward and on 
both sides of the ship. The general arrangement of the passen- 
ger accommodation is, in many respects, a new departure from 
the usual type of our coastwise passenger steamers, and is more 
on the plan of the modern transatlantic steamship. The social 
hall is fitted with piano, library, &c. Both dining saloon and 
social hall have electric ventilating fans. The smoking room for 
first class passengers at after end of promenade deck is large and 


fitted with all the conveniences of an ocean-going vessel. 
56 


; 
857 
4 
= 
— 
- 
vig 
' 
i 
; as 


858 MERCHANT STEAMERS. 


There are two large lobbies, one on upper deck and one om 
promenade deck, connected by the main companionway. All 
state rooms for first class passengers and officers have good light 
and are well ventilated. The vessel is lighted throughout by 
eléctricity, and there is a powerful searchlight on the foremast. 
All running lights are connected to a Russell See Electrical In- 
dicator in the pilot house. Life boats, rafts, &c., of the latest 
design are fitted according to the United States Steamboat In- 
spection Laws. ; 

There is a steam steering gear, made by Messrs. Williamson 
Bros., Philadelphia ; hoisting engines, Providence steam windlass 
and capstans, and a complete outfit of pumps, made by the George 
F. Blake Manufacturing Company, New York, of their latest ver- 
tical duplex (Admiralty) type, such as is used in the United 
States cruisers. 

The main engine is of the vertical triple expansion type, with 
cylinders 28, 44 and 74 inches in diameter and a stroke of 54 
inches. The valves, of the piston type, are worked by the See- 
Marshall valve gear, each valve receiving its motion from a 
separate eccentric. There are three cylindrical, double-ended 
steel boilers, each having six corrugated furnaces with a common 
combustion chamber. The working pressure is 180 pounds. 
The centrifugal circulating pump is driven by an independent 
engine. The See Hydro-Pneumatic Ash Ejector will be fitted 
in each fire room for discharging ashes. 

In the construction of the vessel particular attention has been 
paid to the comfort of the passengers and every effort made to 
have ‘her first class in every respect, while her staunchness is 
enhanced by being designed under the rules of the American 
Shipmasters’ Association, and the close inspection of its officers. 

L. C. Waldo.—This lake steamer, built by Messrs. F. W. 
Wheeler & Co., West Bay City, Mich., and fully described on 
page 423 of the May number, has been made the subject of tests 
by Mr. G. C. Shepard, Mechanical Engineer. The following 
data are taken from the report of these tests, published in the 
“ Marine Review,” Cleveland. 
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Five tests were made, varying in duration from 3 hours and 
47 minutes to 5 hours and 57 minutes, four of the tests being 
for 5 hours or over. One of the tests being incomplete, it has 
been omitted from the table. The feed water was measured by 
a Union meter, which had been calibrated and found to be cor- 
rect to within 1 per cent. 

All the coal used during tests was carefully weighed, and the 
time of starting and stopping each test was so arranged that the 
fires were all cleaned once during the test, and were in the same 
condition at the end as at the beginning. In the shortest test, 
No. 3, these precautions were observed, but on account of the 
short duration of the test it did not permit the burning down of 
the extra amount of coal used in cleaning the fires, so that the 
fires were not in the normal condition at the end of the test. The 
ashes, weighed on the longest test, No. 2, were found to be 12.7 
per cent. of the coal, and this amount has been used for all the 
tests in determining the amount of combustible. Observations 
were made and indicator cards taken every hour. 


Number of test. I 2 3 4 
Displacement, net tons..........cccccccceseees 4,258 6,513 6,453 6,446 
Area, immersed midship section............ 459.2 685.2 681.2 681 
Mean boiler pressure, pounds............... 166 165.5 166.8 166.4 

I.P. receiver pressure, pounds....... 55 56.3 55:7 62 
L.P. receiver pressure, pounds,..... 8.03 8.2 9.06 9-4 
revolutions, main engine,............. 80.77 83.48 82.34 87.03 
fan engines............0+ 265 270 267 361 
Indicated horse power.............sscseeeeeee 1,547-7 | 1,748.4 | 1,704.2 | 2,066.4 
Speed, miles per 14.21 13.3 13.04 14.02 
Temperature of feed water................606 176 183.5 175 174 
235 285 365 390 
Coal per hour, pounds..............:s0e0ee+ 2,715 3,376 3,711 3,546 
1.75 1.92 2.17 1.71 
Water per I.H.P. per hour, pounds........ 16.13 17.03 17.69 16.45 
pound of coal per hour, pounds, 9.2 8.82 8.18 9.52 
combustible, pounds.. 10.53 “10.10 9.29 10.98 
from and at 212°, per pound of 
combustible, pounds,.............. 
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The exhaust from all the auxiliaries passed through the tubes 
of a feed water heater, and raised the temperature of the feed 
water about 60 degrees. The average temperature of the injec- 
tion water was about 54.5, and of the hot well, 119 degrees. 

There are two boilers with a total grate surface of 120, anda 
heating surface of 6,230 square feet, and fitted with Ellis & Eaves’ 
suction draft and plain tubes. 

No air was admitted above the grates, the valves for this pur- 
pose being shut during all the tests. The dampers in the ash 
pit were closed except during test No. 3. 

Kaiser Wilhelm der Grosse.—This is the name of the ex- 
press steamer, building by the Vulcan Works for the North Ger- 
man Lloyd S. S. Co., and of which the general dimensions were 
- given on page 648 of the August number. The following addi- 
tional data have been kindly supplied by the Geo. F. Blake Manu- 
facturing Co., New York, to whom the JourRNAL is also indebted 
for the cut of the air pumps built for this steamer. 

The twin screw engines are of the four cylinder, triple expan- 
sion type, with cylinders 52, 90and 97 (2) inches in diameter, the 
stroke being 6ginches. The working pressure in boilers will be 
about 185 pounds per square inch. _The engines are designed 
for 77 revolutions per minute, with cut off at .72 of the stroke. 

The twin air pumps, one for each engine, are of the Blake type 
and are similar to those on the U.S. S. Minneapolis and Brooklyn, 
except that slides and guides have been added on account of the 
large size of these pumps. A detailed description and sectional 
cuts of the Minneapolis’ pumps were given on page 708 of Vol. VI. 

The pumps of the German steamer have each two double- 
acting steam cylinders, 18 inches in diameter, and two single- 
acting air cylinders, 44 inches in diameter, the stroke being 24 
inches. At a test of these pumps, made at the Blake Company’s 
Works at East Cambridge, Mass., they formed a vacuum of 28.75 
inches, the temperature of the vapors and condensed water being 
about 80 degrees. The pump was run as high as 75 double 
strokes per minute, and ran as smoothly and quietly as at one 
double stroke per minute. Although the pump was only placed 
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on and not bolted to the floor, it worked without any vibration, 
showing that it is self-contained and the parts well balanced. 

The feed, fire, bilge and water service pumps of this steamer 
are all of the Blake vertical type. 

Kaiser Friedrich.—This is the name of the express steamer 
building by Mr. Schichau at Danzig for the North German Lloyd 
Steamship Company, and which was described on page 646 of 
the August number. 

Barbarossa, Bremen, Friedrich der Grosse and Konigin 
Luise.—These twin screw freight steamers are building for the 
North German Lloyd Steamship Company. 

They are to be 525 feet long, with a beam of 60 feet and a 
depth of hold of about 36 feet. The displacement given ranges 
from 17,600 to 20,000 tons. The dead weight capacity is about 
10,500tons. The Sarbarossa, building by Messrs. Blohm & Voss, 
Hamburg, was successfully launched on September 5. The 
Bremen is building by Mr. F. Schichau, Elbing, and the Friedrich 
der Grosse and Konigin Luise, by the Vulcan Works, Stettin. 
The last named vessel was successfully launched on October to. 

The twin screw engines are all to be of the vertical, inverted, 
quadruple expansion type, those for the Barbarossa of 8,000 1.H.P., 
and the others of 7,000 I.H.P., the expected speeds being 15 and 
14 knots, respectively. 

The arrangement of cylinders on the Friedrich der Grosse and 
Konigin Luise is as follows. First comes the H.P. piston valve, 
its center line being in the vertical plane through the axis of the 
shafting, and then the H.P. cylinder; next comes the L.P. cyl- 
inder, with a slide valve on its front; then the second I.P. cylinder, 
also with a slide valve on its front; then the first I.P. cylinder, 
with its two piston valves between it and the second I.P. cylinder. 
The slide valves will be worked by rocking levers from the 
eccentrics. The engine frames, front and back, will be of the 
usual cast pattern. The connecting rods will be very light. The 
engines are to run at 75 revolutions per minute. 

There will be five double-ended and two single-ended boilers, 
the working pressure being 220 pounds per square inch. The 
Bremen will be fitted with Howden’s forced draft system. 
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Besides the above, this company has ordered three smaller 
steamers, which are to be 325 feet long and have a tonnage of 
about 4,500. One is building by Messrs. Blohm and Voss, Ham- 
burg, another by Mr. J. Tecklenborg, Geestemiinde, and the re- 
maining one by the Seebeck Co. 

Pennsylvania.—The first of two large twin screw steamers 
building for the Hamburg American Steam Navigation Co., was 
successfully launched by Messrs. Harlan and Wolff, Belfast, Ire- 
land, on September 10. Some particulars of the Pennsylvania 
were given on page 851 of Vol. VII. 

The launching weight was about 8,ooo tons. The I.H.P. of the 
two engines will be from 6,000-7,000, and the speed of the vessel, 
from 14 to 15 knots. The shafting is said to be 230 feet long. 

Another steamer of the same dimensions, drawing about 29 feet 
when fully loaded, has been ordered of Messrs. Blohm and Voss, 
Hamburg, Germany. The engines will be of Schlick’s patent 
quadruple expansion type, and are designed for about 5,500 I.H.P. 

Augusta Victoria.—This fast passenger steamer, of the Ham- 
burg American Steam Navigation Company, which has been 
running on the transatlantic route for about seven years, will, 
according to “‘ Seaboard,” New York, be lengthened 60 feet, have 
an additional boiler put in and one of her three masts removed. 
The alterations are to be made this winter by Messrs. Harlan 
& Wolff, Belfast, Ireland. It is expected that the increased length 
will give accommodation for 100 additional first cabin and 200 
additional steerage passengers, and that the cargo capacity will 
be enlarged by about 500 tons. The extra length to be added 
will make the vessel 520 feet long on the water line. The 
vessel will be cut in two between the second and third boiler 
compartments, and the forward compartment will be inserted at 
that point. An extra boiler will be added, making nine main 
boilers in all. With this additional boiler power, a correspond- 
ing gain in speed is expected, as the engines are large enough 
to utilize the extra supply of steam. The space now occupied 
by the forward boiler compartment will be used partly for state 


rooms. 
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As no description of the Augusta Victoria has heretofore been 
published in the JourNAL, the following data may be of interest. 

The vessel was built by the Vulcan Works, Stettin, Germany, 
in 1889. The length is 480 feet over all and 460 feet between 
perpendiculars; beam, 56 feet; depth of hold, 39 feet; mean 
draught, full load, 24 feet; displacement, 10,000 tons. The hull 
is of steel. 

The twin screw engines are of the inverted, three cylinder, 
triple expansion type with cylinders 41.3, 66.9 and 106.3 inches 
in diameter, the stroke being 63 inches. All cylinders are fitted 
with piston valves having balance pistons. Each H.P. cylinder 
has one, and each I.P. and L.P. cylinder has two valves, the 
diameter of the H.P. and I.P. valves being 23.62 inches, and of 
the L.P. valves, 37.4 inches. The valve gear is of the Stephen- 
son link type, the eccentrics being secured to the crank shaft 
couplings. The steel crank shafts are 19.69 inches in diameter 
and have a 4.72-inch axial hole; the crank pins are of the same 
-diameter, the hole being 3 inches in diameter. 

The condensers have a total cooling surface of 18,944 square 
feet, the tubes being ? inch in outside diameter. The air and 
circulating pumps are independent. 

There are eight double-ended, steel main boilers, each 15 feet 
1} inches in diameter and 19 feet 6? inches long, and one 
auxiliary boiler. There are six corrugated furnaces in each 
main boiler, the least internal diameter being 45.75 inches. 
There is one combustion chamber for each furnace, an iron 
plate, protected on both sides with fire brick, making the division 
between opposite furnaces. The front connections are also 
separate. The total grate surface of the main boilers is 1,120, 
and the heating surface, 36,000 square feet. The tubes have an 
external diameter of 3.33 inches. The boilers are arranged in 
three compartments, with athwartship fire rooms, three main 
boilers in each of the two after compartments, and the auxiliary 
and two main boilers in the forward compartment. 

The propellers are of steel, with four blades. The diameter 
is 18, and the pitch 32 feet. 
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The maximum I.H.P. is about 25,000. The bunker capacity 
is 2,250, and the daily consumption of coal, about 220 tons. 

Alexander Holly.—This steamer, built by the American Steel 
Barge Co., West Superior, Wis., for the Bessemer Steamship Co.,. 
was launched on August 12. Her length is 379 feet; beam, 46 
feet ; depth of hold, 26 feet; gross carrying capacity, 4,150 tons 
on a draught of 14.5 feet. 

The machinery is practically the same as that of the John 
Ericsson, described on page 651 of the August number. The 
steam steering apparatus and the three steam capstans were fur- 
nished by the Bath Iron Works, Bath, Maine. 

Sir William Fairbairn and Robert Fulton.—These steel 
steamers, built by the Detroit Dry Dock Co., Detroit, Mich., at 
their Wyandotte yard, for the Bessemer Steamship Co., were suc- 
cessfully launched on August 1 and September 10, respectively. 
The following particulars are from the “‘ Marine Record” and 
“ Marine Review,” Cleveland, Ohio. 

Length over all, 438 feet, between perpendiculars, 414 feet; 
beam, 45.5 feet; depth, 28 feet. The hull is built on the channel 
bar system, the water bottom being divided into eight compart- 
ments. 

The single screw engine is of the triple expansion type, with. 
cylinders 24, 38 and 64 inches in diameter, the stroke being 42 
inches. Thereare two boilers, each 14.5 feet in diameter by 11.5 
feet long, the working pressure being 165 pounds per square 
inch. Howden’s forced draft system is fitted. The propeller is 
14 feet in diameter. 

The cost of each steamer is said to be $256,000. 

George Stephenson.—This steel steamer, building by Messrs. 
F. W. Wheeler & Co., West Bay City, Mich., for the Bessemer 
Steamship Co., was successfully launched on September 23d. 
The following data and description are from notes kindly sup- 
plied by the builders and from the “ Marine Record,” Cleveland. 

The length over all is 428 feet, on keel, 408 feet; beam, 48: 
feet; depth, 28 feet. The water bottom is 66 inches deep and 
divided into six compartments. The gross carrying capacity, on 
a draught of 14.5 feet, is estimated at 4,100 tons. The machinery 
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is well aft, the fire room being athwartship and forward of the 
boilers. The bunkers are forward of the fire room. The general 
arrangements and the requirements for materials are the same as 
for the other steamers of this company. 

The engine is of the vertical, triple expansion type with cylin- 
ders 25, 40and 67 inches in diameter, the stroke being 44 inches. 
The H.P. and L.P. cylinders have piston valves and the I.P.,a 
double ported slide valve, all worked by the double bar Stephen- 
son link motion. There are three 3-furnace boilers, each 13.5 
feet in diameter and 12.5 feet long, fitted for natural draft, the 
working pressure being 175 pounds per square inch. The total 
heating surface is about 2,400 square feet. The furnaces are 
fitted with the Etna shaking grate bars. The propeller is 13.5 
feet in diameter and has a pitch of 17.5 feet. 

James Watt.—This steel steamer, building by the Cleveland 


Ship Building Co., Cleveland, Ohio, for the Bessemer Steamship. 


Co., was successfully launched on September 23. The following 
particulars are from the “ Marine Record,” Cleveland, and “ Sea- 
board,” New York. 

Length over all, 425 feet, between perpendiculars, 406 feet; 
beam, 48 feet; depth, 28 feet; gross carrying capacity on a 
draught of 14 feet, 4,000 tons, and 6,000 tons on 18 feet. The 
water bottom is 66 inches deep. The hull is built on the chan- 
nel bar system. 

The engine is of the vertical, triple expansion type with cylin- 
ders 25, 40 and 68 inches in diameter, the stroke being 42 inches. 
There are three boilers, each 13 feet in diameter and 13 feet long, 
the working pressure being 175 pounds per square inch. The 
steam steering gear was made by the Messrs. Williamson Bros., 
Philadelphia. 

Corcovado.—This steel steamer, built for the Pacific Steam 
Navigation Company by Messrs. C. S. Swan & Hunter, Wall- 
send, England, was successfully launched on July 25, and com- 
pleted her trials on September 16. The Corcovado is the largest 
cargo steamer in the company’s fleet. The length over all is 405 
feet; beam, 47.25 feet; depth, 32.75 feet; dead weight carrying 
capacity, about 6,600 tons. There are seven main water tight 
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bulkheads. The double bottom, which extends the whole length 
of the vessel, has ten longitudinal divisions. 

The engine is of the triple expansion type, with cylinders 24, 
40 and 66 inches in diameter, and a stroke of 51 inches. There 
are three cylindrical boilers, the working pressure being 190 
pounds per square inch. The shafting is of steel and the pro- 
peller blades of bronze. The machinery was built by the Wall- 
send Slipway and Engineering Company. 

The trials consisted of a series of runs over the measured mile, 
which gave a mean speed of 12.98 knots, and a run of 100 nauti- 
cal miles, the vessel carrying a dead weight load of 4,600 tons. 
The mean speed obtained for the 100-mile run was 12.58 knots. 

A duplicate of this steamer has been ordered by the same 
company from the builders of the Corcovado. 

Dunvegan Castle.—The following details of the machinery 
of this Castle line steamer, described on page 655 of the August 
number, are from “ Engineering,” London: 

The engines are of the inverted cylinder, three crank type, but 
the sequence of cylinders differs from the usual practice. The 
H.P. cylinder, placed forward, is 38 inches in diameter; the L.P. 
cylinder is in the center and 102 inches in diameter, and the I.P. 
cylinder, 62} inches in diameter, is placed aft ; the stroke being 
66 inches, The cylinders are steam jacketed, their draining be- 
ing effected by Laing’s automatic trap. The pistons are of cast 
steel and conical; the piston rods, connecting rods and cross- 
heads are of mild steel. 

The reversing is effected by a Brown’s combined steam and 
hydraulic engine. A similar and smaller engine is used for 
working the main equilibrium valve on the main engines. To 
the condenser, which is of cast iron, and placed at the back of 
the main engines, forming part of the framing of the main engines, 
are attached two air pumps, driven by levers, one from the cross- 
head of the H.P. and the other from the I.P. engine. From the 
air pump crosshead are driven the bilge, sanitary and hot water 


pumps. 
The crank shaft is made in three parts and interchangeable. 
Each part consists of the coupling, two discs, the crank cheeks 
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and pin, all one forging. The crank shaft is 20}, the pins, 21, 
the tunnel shafting, 193, and the propeller shaft, 21 inches in 
diameter. The propeller is 19.5 feet in diameter, with movable 
bronze blades; the boss is of cast steel. The main feed pumps 
are Weir’s type and separate, and draw from a large suction filter. 
There are two main centrifugal circulating pumps, each of suffi- 
cient size to do the whole work, and driven by a single double- 
acting engine. Placed at the back of the main engines, are one 
large ballast engine, and three donkey pumps for sanitary and 
general work. There is also one large special plunger pump for 
circulating the water in the ‘boilers at full working pressure. 
There is an auxiliary condenser with a centrifugal circulating 
pump and a small duplex air pump. There are two large Weir’s 
evaporators and donkeys for the necessary make up. At the side 
of the starting platform, and on the same level, are the electric 
light machines and the refrigerator. 

Each of the three double-ended boilers is 15 feet 3 inches in 
diameter, and 1g feet 2 inches long, and has six Purves’ furnaces 3 
feet g inches in internal diameter. The two single-ended boilers 
are 16 feet 10 inches in diameter and 10 feet long, each having four 
Purves’ furnaces 3 feet 7 inches in internal diameter. One single- 
ended boiler is placed in the forward and one in the after stoke- 
hold. There is one funnel, 12 feet 3 inches in diameter, for the 
five boilers, with an air downtake on the forward and the after 
sides. In each of these downtakes is placed a large fan, so ar- 
ranged that it can send a large supply of air to the stokeholds 
when the steamer is in the tropics. The main steam pipes 
are of wrought iron. See’s ash ejectors are placed in the 
stokeholds. 

The engines indicated 8,000 H.P. on trial, and the vessel’s 
speed was 17} knots. She will average about 16 knots on the 
regular Cape voyage. 

Andalusia.—Another of the steel emigrant and freight steam- 
ers, built by the Palmer Shipbuilding and Iron Company, Jarrow- 
on-Tyne, for the Hamburg American Steam Navigation Com- 
pany, was successfully launched on August 25. She is a sister 
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vessel of the Adria and Armenia, described on page 648 of the 
August number. ; 

Adria.—The trial of this steamer, described on page 648 of 
the August number, was made on July 28. A mean speed of 
12.5 knots was attained on the measured mile, the revolutions 
being 75 per minute. 

Ramapo.—This steel steamer, built by the Union Dry Dock 
Co., Buffalo, N. Y., was launched August 1. The following is. 
from “ Seaboard,” New York. 

The length over all is 340 feet; length on keel, 319 feet; depth, 
27 feet 3 inches; beam 44 feet; sheer forward, 4 feet ; sheer aft, 
2 feet 6 inches. It is the intention of lengthening her 60 feet, 
when dock facilities in Chicago are adequate. 

The engines were built by the King Iron Works, Buffalo, and 
are of the vertical, inverted, triple expansion type with cylinders 
23, 384 and 64 inches in diameter and 42 inches stroke. 

The four boilers, built by the Lake Erie Boiler Works, Buffalo, 
are 11.5 feet in diameter and 13 feet long, each with two 44-inch 
furnaces. The working pressure is 175 pounds per square inch. 

Between decks there is a double cylinder, vertical hoisting 
engine with cylinders 10 by 12 inches, with line shafting oper- 
ating double drums for eight hatches. The electric light plant 
is in the engine room. 

It is expected that this steamer will carry 4,000 tons on a 
draught of 16 feet. At this draught, the displacement will be 
5,480 tons. The expected speed is 14 miles per hour. Her cost 
will be $220,000. 

Great Western Railway Co.’s new Steamers.—This com- 
pany has ordered two 20-knot, twin screw steamers from the 
Naval Construction and Armaments Co., Barrow, for the Chan- 
nel Islands service. They will have a length of 280 feet; beam, 
34 feet 4 inches; depth, 16 feet; draught, about 11 feet 4 inches ; 
displacement, 1,600 tons. The triple expansion engines will have 
cylinders 23, 36 and 56 inches in diameter, the stroke being 33 
inches. There will be two double-ended boilers, each 15 feet 2 
inches in diameter and 19.5 feet long, the working pressure being 
175 pounds per squareinch. The total grate surface will be 244, 
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and the heating surface, 10,000 square feet. The I.H.P. of the 
engines will be 6,000, and the speed in service to be 20 knots. 

Ignazio Florio.—This twin screw mail steamer, built by the 
Messrs. Orlando Bros., Leghorn, Italy, and partially described on 
page 209 of the February number, completed satisfactory trials, 
under the supervision of naval officers, in July. The following 
data of the hull, the machinery and the trials are from the “ Rivista 
Marittima,” Rome. 

The displacement on a mean draught of 15.19 feet is 2,106 
tons. At this draught, the area of the immersed midship section 
is 435.45 square feet and the wetted surface, 12,217 square feet. 
Coefficient of fineness, block, .512, of midship section, .863. The 
total bunker capacity is about 335 tons. The vessel in time of 
war will carry six 2.24-inch and two 1.46-inch rapid fire guns. 

The cylinders of the triple expansion engines, as previously 
mentioned, are 23.23, 37.4 and 59.1 inches in diameter, the stroke 
being 36.03. The volume of I.P. cylinder divided by that of H.P. 
cylinder is 2.592; L.P. + I.P., 2.493, and L.P. + H.P., 6.463. 
The diameter of piston rods is 5.51 inches, and the length of con- 
necting rods, 74.8 inches. The crank pins are 10.83 inches in 
diameter and 11.81 inches long. The crank shafts are 10.83 
inches in diameter. 

The air pumps are worked from the main engines, and have a 
diameter of 21.26 inches and a stroke of 20.28 inches. The cir- 
culating pumps are independent and of the centrifugal type, the 
diameter of the vanes being 29.92 inches, and the discharge 
capacity of the pumps about 500 tons per hour. The feed pumps 
are independent. 

There are two double-ended steel boilers in one compartment, 
with four Fox’s corrugated furnaces in each end. Ferrando’s 
grate bars are used, and two forced draft blowers are fitted. The 
working pressure in the boilers is 155 pounds per square inch. 
There is, besides, a small single-ended boiler for auxiliary pur- 
poses, situated abaft the main boilers. The main boilers are 
14.75 feet in diameter and 22.75 feet long, The least internal 
diameter of the furnaces is 36 inches. The total grate surface is 
318.6, and the heating surface, 10,711 square feet. Ratio of 
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H.S. to G.S., 33.62 to 1. Steam room in each boiler, 678 cubic 
feet. 

The auxiliary boiler is 7.58 feet in diameter and 7.64 feet long. 
There is one smoke pipe. 

The propellers are three bladed, the diameter being 11.15, and 
the mean pitch, 17.97 feet; ratio of pitch to diameter, 1.61 to 1. 

Total weight of machinery, with accessories and water, 501.9 
tons. Weight per I.H.P., developed on trial, 271.2 pounds. 

The trial was made in calm weather and a smooth sea. The 
speed was obtained from two runs overa measured base of 31.39 
nautical miles. The mean draught, measured just before leaving 
Leghorn, was 15.19 feet, the corresponding displacement being 
2,106 tons. The mean results of the trial, which lasted four 
hours, were as follows. 

Steam pressure in boilers, about 153 pounds per square inch; 
vacuum, 26.5 inches; revolutions per minute, 122.5; I.H.P., 
starboard, 2,041, port, 2,104, total, 4,145 ; speed, 17.95 knots. 

Ernest Bazin.—This steamer, the first one built on the roller 
idea of Mr. Bazin, was launched at St. Denis, France, on August 
19. The following particulars and description are from “Le 
Yacht,” Paris. 

The length of the vessel is 126.3 feet, and beam 37.73 feet. 
Flotation for the superstructure is secured by six upright, len- 
ticular wheels or rollers, each 32.8 feet in diameter and 11.8 feet 
wide or thick at the center. The wheels are arranged in pairs, 
each pair connected by a steel shaft or axle. There are four 
journals on each shaft, making twelve supports in all for the 
superstructure, which contains the motive machinery and the 
living accommodations. This superstructure consists of four 
parallel girders, each 5.9 feet deep, strongly braced and tied to 
each other. A deck covers the top of this platform. 

The motive machinery is divided into two distinct parts, one 
engine of about 500 H.P. working a three-bladed bronze pro- 
peller, and three engines, each of about 45 H.P., for turning the 
wheels. To obtain the maximum efficiency, it is necessary that 
these wheels should be turned at a speed proportional to the 
forward speed of the whole vessel. 
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The propeller is at the end of an oblique shaft. This arrange- 
ment is disadvantageous, but made necessary because the engine 
is so far above the water level. By placing the engine forward 
and as low as possible, the angle of obliquity of the propeller 
shaft has been reduced to 10 degrees, making a fair efficiency 
probable. Mr. Bazin, has, however, always believed that with 
large vessels of this type, paddle wheels should be used instead 
of the screw propeller. As the Ernest Bazin is only an experi- 
mental vessel, the small and possible reduction in speed due to 
the obliquity of the propeller shaft, will not interfere with the 
test of the correctness of the inventor’s principle. 

The fact that the habitable part of the vessel is distinct from 
what may be called the hull causes difficulties in arrangement, 
of which the one given above is the principal one. Another 
difficulty, the supply of sea water for the engines and other pur- 
poses, has been overcome by the constructor. Mr. Dubar, di- 
rector of the Cail works, conceived the idea of utilizing the stern 
post, which is necessarily in the water, for this purpose. The 
stern post is a pointed tube, open at its base and solidly braced to 
the superstructure, through which the water rises part way by 
virtue of the speed of the vessel. A suction pump on deck 
raises the water the rest of the distance. ; 

The displacement of the aziz is about 242 tons. If the results 
come up to the expectations of the inventor, a speed of from 22 to 
25 knots will be attained, with a total horse power of about 650. 
The combined immersed midship section of the six wheels is 
419.8 square feet; to drive this same section at 25 knots in a 
vessel of the ordinary form would require an expenditure of at 
least 9,370 horse power. This method of comparison may seem 
exaggerated for the reason that the real cross section of the roller 
vessel is that of only one pair of wheels—that is, 139.9 square 
feet. But even with this reduced figure, the corresponding horse 
power for an ordinary type of vessel would be 3,126, or about 
five times that of the Bazin. 

Should the system be a success, an enormous economy in coal 


consumption would be obtained. As the displacement is so. 
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small compared to the weight of the total structure, this type of 
vessel could never be used as a cargo steamer. 

John Englis.—This steel passenger and freight steamer, build- 
ing bythe Delaware River Iron Shipbuilding and Engine Com- 
pany, Chester, Pa., was successfully lainched on October 22. A 
few particulars of this vessel were given on page 430 of the May 
number, to which may be added the following data, which were 
kindly supplied by Mr. Randall T. Dickinson, the superintending 
constructor of the company. 

The length over all is 313 feet 4 inches; beam, 46 feet; depth 
of hold, 17.5 feet. 

The triple expansion engine has cylinders 30, 48 and 75 inches 
in diameter, the stroke being 54 inches. They are designed to 
develop 4,000 I.H.P. with go revolutions per minute, giving the 
vessel a speed of 16 knots. 

There are six cylindrical, single-ended steel boilers, each 13 
feet 2 inches in diameter and 12 feet 2 inches long, and fitted with 
three Purves’ ribbed furnaces, 40 inches in internal diameter. 
The working pressure in boilers will be 180 pounds per square 
inch. 

The propeller is of cast steel, four bladed, 15 feet 10 inches in 
diameter, the pitch being 21.5 feet. It is the largest cast steel 
propeller ever made in this country, its finished weight being 
14,000 pounds. The diameter of the crank shaft and propeller 
shafts is 15 inches. 

The John Englis is designed to make the run between New 
York City and Portland, Maine, in 20 hours, the distance being 
320 nautical miles. 
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Margarita.—This twin screw steel yacht, built in Troon, 
Scotland, and described on page 660 of the August number, 
finished a series of progressive trials on August 6. The ma- 
chinery worked well and there was no vibration of the vessel at 
either high or low speeds. 

The speed under natural draft was 14 knots, and under forced 
draft, 16.5 knots. Runs were made over the Skelmorlie 
measured mile, from which the above speeds were obtained. 

Sovereign.—This twin screw steel yacht, designed by Mr. J. 
Beavor-Webb of New York, and described on page 659 of the 
August number, tested her machinery and speed on August 28 
by racing with and beating the Jersey Central Railroad Co.’s 
twin screw steamer Monmouth. The following account is con- 
densed from “ The New York Times.” 

The Monmouth \eft the Atlantic Highlands Pier at 8.30 A. M., 
notice of the coming race having been previously given by the 
owner of the yacht, Mr. Borden. The Sovereign was waiting at 
Buoy No. 10, and when the Monmouth drew near, started ahead. 
At the start the steamer had a clear lead, the yacht running up 
on the starboard side. The Monmouth's engines were making 
144 revolutions per minute, but, as the yacht was slowly gaining, 
the revolutions were increased to 154 per minute. The Mon- 
mouth was then doing her best. 

The Sovereign still gained. Off Swinburne Island the two boats 
were abreast. Inch by inch the Sovereign crept ahead, and when 
off Hoffman Island, her bowsprit was just ahead of the stem of the 
Monmouth. As they passed through the Narrows, the yacht was 
a quarter of alength ahead. At Quarantine it was half a length, 
and when abreast of Robbins Reef Light, the Sovereign wasa clear 
length in front. 

57 
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By the time Castle William, on Governors Island, was abeam, 
the yacht was several lengths in the lead, and at the Battery, was 
a quarter of a mile ahead. 

Capt. Martin of the Monmouth said the steamer was badly handi- 
capped by having so many passengers on board. They crowded 
to one side of the boat and gave her quite alist. Hethought that 
if the Monmouth had not been so handicapped she would have 
won, 

The Monmouth usually makes the trip in one hour and six 

minutes. On the day of the race, she made it from pier to pier 
in exactly one hour. At this rate, the speed would be about 
17.25 knots. 
.—This twin screw steel yacht, building for Mr. C. R. 
Flint, New York, and designed by Mr. C. D. Mosher, New York, 
presents a novel feature in the removable deck house. This 
house is so constructed that it can be removed and replaced by 
a turtleback deck, with conning towers forward and aft, so that ( 
the yacht would be transformed into a torpedo boat. 

The hull is subdivided by seven steel bulkheads, with a col- 
lision bulkheadforward. The length of the yacht is 122 feet over 
all; beam, 12.5 feet; draught, about 4 feet; guaranteed speed, 
33 knots. The coal supply will be sufficient for a passage under 
steam across the Atlantic Ocean. 

The vessel will be fitted for carrying two 14-inch torpedoes, 
four 6-pounder and four 1-pounder rapid fire guns. 

The twin screw, quadruple expansion engines are designed for 
2,000 I.H.P. There will be two Mosher’s patent water tube 
boilers. 

Scud.—This yacht was described on page 662 of the August 
number. The following particulars of the Blechynden water tube 
boiler are from ‘‘ The Engineer,” London. 

The boiler is rated at 600 H.P. The diameter of the upper J) 
steam drum is 2 feet 2 inches, and its length 12.25 feet. The 
two lower water chambers are each 12 inches in diameter. The 
generating tubes are of galvanized steel, 1 inch in diameter; the 
four downcomer tubes, two at each end of the boiler, are 4.25 
inches in diameter. The tube heating surface is 1,200 square 
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feet, and the grate surface, 24 square feet. The weight of the 
boiler complete, with water, smoke pipe and casings, is 6.25 tons. 

The generating tubes can be cleaned internally, or with- 
drawn through holes in the top of the steam drum. These 
holes are closed by screw plugs, and are so placed that from 
forty to fifty tubes can be drawn through each hole. The gen- 
erating tubes are expanded at each end, and are slightly curved, 
the longer side being nearer the furnace. 

The illustration of the Blechynden boiler, given on plate VII, 
following page 368 of ‘Volume VI, shows the general construc- 
tion. The Scud’s boiler, however, has no tubes on the circular 
part of the water chambers, and the tubes are all curved one 
way. 

Speedy.—This twin screw steel yacht, launched on April 15, 
was partially described on page 434 of the May number. Many 
conflicting data have been published, but the following details are 
supposed to be correct. They are from “ Engineering,” London. 

The designs are by Mr. Dixon Kemp, London. The “yacht 
measurement” of the Speedy is 140 tons, her length, 106 feet; 
beam, 16 feet, and depth, 11 feet 5 inches. She is capable of 
attaining a very fair rate of speed, 12} knots having been main- 
tained throughout a five hours’ run with natural draft, while 13 
knots were reached on the measured mile under similar condi- 
tions, the engines indicating 400 horse power. The engines are 
of the triple expansion type, and are fitted with direct acting 
steam reversing gear. The cylinders are 12, Ig and 30 inches 
in diameter, and the stroke, 21 inches. There is one single-ended 
boiler of the ordinary marine type, designed for a working pres- 
sure of 180 pounds per square inch. This boiler is 10 feet 9 
inches in diameter and g feet long, the thickness of the shell 
plating being 1 inch. There are two furnaces, each 3 feet 4 inches 
in diameter, and separate combustion chambers. There are 304 
tubes, 3 inches in outside diameter. The ordinary tubes are No. 
8, B. W. G., and the stay tubes, # inch thick. The total grate 
surface is about 40 square feet. The shell consists of a single 
plate, so that circumferential joints are not required. The longi- 
tudinal joint is treble-riveted, every other rivet in the third row 
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being omitted, with inside and outside butt straps of the same 
thickness as the plate. The efficiency of this joint is very high, 
the plate section being 86.7 per cent. of the solid plate and the 
rivet section, 86.9 per cent. Further trials of the Speedy have 
given under forced draft a speed of 134 knots, which could have 
been exceeded had the propeller been somewhat smaller, as the 
engines were unable to use all the steam supplied by the boiler. 
The yacht is fitted up very completely throughout, having steam 
windlass, electric light, distilling apparatus and a Daimler motor 
launch. The electric plant is run by a Parson's steam turbo- 
generator. The coal capacity is 28 tons and the water capacity, 
3,000 gallons. 
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ADVERTISEMENTS. 


MORISON SUSPENSION FURNACES, 


— 


LAND AND MARINE BOILERS. 


UNIFORM THICKNESS — EASILY CLEANED — UNEXCELLED FOR STRENGTH. 
Also, FOX CORRUGATED FURNACES. 


THE CONTINENTAL IRON WORKS, 


P. O. Station G. BROOKLYN, N. Y. 


CROSBY STRAM GAGE AND VALVE CO., 


Sole Manufacturers of the 
Crosby Steam Engine 
INDICATOR. 


Approved and adopted by the U. S. Govern- 
ment. It is the standard in nearly all the great 
Electric Light and Power Stations of the United 
_ States. It is also the standard in the principal 

Navies, Government Ship-Yards, and the most 
i Technical Schools of the world. 

When required, it is furnished with Sargent’s 
Electrical Attachment, by which any num- 
ber of diagrams from Compound Engines can 
be taken simultaneously. 


ALSO SOLE MANUFACTURERS OF 
Crosby Improved Steam Gages, Pop Safety Valves, Water Relief Valves, 
Patent Gage Testers, Safe Water Gages, Revolution Counters, 
ORIGINAL Single Bell Chime Whistles and other Standard 
Specialties used on Boilers, Engines, Pumps, ete. 


Main Office and Works: Boston, Mass., U. 8. A, 


Branches : New York, Chicago, and London, Eng. 
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ADVERTISEMENTS. 


‘A. SON, 


MANUFACTURERS OF IMPROVED 


SUBMARINE ARMOR 


AND 


DIVING APPARATUS, 


32 ROSE STREET, NEW YORK. 


NEWPORT NEWS 


SHIPBUILDING AND DRY DOCK COMPANY. 


WORKS AT NEWPORT NEWS, VA. 
(ON HAMPTON ROADS.) 


Equipped with a Simpson’s Basin Dry Dock, capable of docking 
a vessel 600 feet long, drawing 25 feet of water, 
at any stage of the tide. 


REPAIRS MADE PROMPTLY AND AT REASONABLE RATES. 


- SHIP AND ENGINE BUILDERS - 


For Estimates and further particulars, address 


C. B. ORCUTT, Pres’t, No. 1 Broadway, New York. 
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ADVERTISEMENTS. 


LEWIS NIXON, 


SHIPBUILDER. 


OFFICE AND WORKS, 


ELIZABETHPORT, N. J. 


BUILDER OF 


Steam Yachts FREELANCE and JOSEPHINE. 

STANDARD OIL BOATS Nos. 77 and 78. 
Pennsylvania Ferryboat CAMDEN. 

Ten Lake and Canal Barges. 

Lake Steamers BETA, GAMMA and DELTA. 

U. S. GUNBOAT No. IO. 
Sternwheelers RODOLFO and CAURA. 

Sidewheeler MARIA HANABERGH. 


SPECIAL FACILITIES FOR 


REPAIR WORK OF ALL KINDS. 
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ADVERTISEMENTS. 


R. BERESFORD, 


PRINTER ano BINDER, 


617 E STREET, N. W., 


CITY OF WASHINGTON. 


Journal of American Society of Naval Engineers Bound in 
Library Style for $1.50 per Volume. 
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ADVERTISEMENTS. 


SCHAFFER & BUDENBERG, 


MANUFACTURERS OF THE 


IMPROVED THOMPSON INDICATOR. 


Adapted for all speeds, unsur- 
passed for Reliability and Excel- 
lence of Workmanship. Sold at 
a Moderate Price. 


TACHOMETERS. 
Pressure Gauges for all Purposes, 
Engine Counters and Registers, 
Marine Clocks, Thermometers. 


The Peress and Manhattan Automat Injectors 
Reducing and Regulating Valves, &e, 


WRITE FOR CATALOGUE 
Works, BROOKLYN, N.Y. 


SALESROOMS: 
No. 22 W. Lake Street, Chicago. 
No. 66 John Street, New York. 


ELEPHANT BRAND 
PHOSPHOR -BRONZE. 


REG.TRADE MARKS | THE PHOSPHOR BRONZE - LIMITED, 
|2200 WASHINGTON AVE.PHILADELPHIA. 


ELEPHANT BRAND PHOSPHOR-BRONZE™ 


\GOTS,CASTINGS, WIRE,RODS, SHEETS, etc. 
DELTA METAL— 
CASTINGS, STAMPINGS FORGINGS. 

‘ORIGINAL anv Soie Makers IN THE U.S. 


DELTA METAL. 
PROPELLER CASTINGS. 
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TYPE ADOPTED FOR 


U.S. GUNBOATS 


OTHER USERS INCLUDE— 
Newport News Ship Bld’g & D. D. Co., 
Apollo Iron and Steel Co., 
Cambria Iron Co., 
Illinois Steel Co., 
Monongahela Furnaces, 
Ohio Steel Co., etc., etc. 


COCHRANE SEPARATORS 


For Taking Water Out of Live Sieam. 
For Taking Oil Out of Exhaust Steam. i 


HARRISON SAFETY BOILER WORKS, 


Manufacturers, PHILADELPHIA, Pa. 


WORKS, 


SAN FRANCISCO, 


HYDRAULIC DRY DOCK. 


Be 
Nos. 7, 8, 9. 
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TOBIN BRONZE. 


Tensile strength one-inch rods upwards 
of 79,000 Ibs. per sq. inch. 
Torsional strength equal to the best 
Machinery Steel. 


NON-CORROSIVE IN SEA WATER. 


Round, Square and Hexagon Bars for bolt forgings, 
&c., Pumps Piston Rods, Yacht Shafting, Ship Sheath- 
ing, Spring Wire, Rolled Sheets and Plates for Pump 
Linings, Condenser Tube Sheets. Hull Plates for 
Yachts and Torpedo Boats, etc. 


CAN BE FORGED AT CHERRY RED HEAT. 


ANSONIA BRASS AND COPPER CO, 


SOLE MANUFACTURERS. 
Send for Circular. 19 and 21 Cliff Street, NEW YORK. 


REGRINDING VALVES 


LUNKENHEIMER’S Fiange and 
Screw End Globe, Angle, Cross and 
Check Valves are intended for extra 
heavy pressures, and specially designed 
for Marine purposes. Made of standard 
composition, carefully inspected and 
tested, and fully warranted. Provided 
with Gland Stuffing Box, and permi:ting 
repacking of same under pressure. The 
swivel or union style of connection of 
the bonnet to the body of valve makes 
the entire valve much stronger than the 
. usual patterns (with inside thread on the 
body), as the ring screwing over the neck of the body acts like a tie or 
binder. This connection also prevents ‘“‘cementing’’ of bonnet to body ; 
thus the valve can always be easily taken apart. For further particulars, 
dimensions, prices, etc , send for Pocket Catalogue of a Complete Line of 


Superior Steam Specialties. THE LUNKENHEIMER CO. 


BRANCHES: General Offices and Factories, 
THE LUNEENEEIMER CO., | THE LUNEEN VALVE 00., CINCINNATI, 0., 0. S.A. 
5I John Street, 35 Great Dover St., 


NEW YORK. LONDON, S. E. 
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WORTHINGTON PUMPS 


FOR 


MARINE SERVICE 


Horizontal Boiler-Feed Pumps 
Vertical Boiler-Feed Pumps 
Tank Pumps Low Service Pumps 
Bilge Pumps 
Sanitary Pumps 
Circulating Pumps Ballast Pumps 
Air and Circulating Pumps 
Wrecking Pumps Independent Condensers 


HENRY R. WORTHINGTON © 
86 and 88 Liberty Street NEW YORK 


PUMP WATER CLOSET 


For ae Pilot Boats, Naval Ships, etc. 
’ ; In Use on U. S. Ships 


4. NEW YORK, 
MINNEAPOLIS, 
INDIANA, 
SAN FRANCISCO, 
DOLPHIN, 


AND 


All Kinds of Yachts and Launches, 
From 25 Feet Up to 285 Feet. 


FOR ABOVE OR BELOW WATER LINE. 


WILLIAM. BISHOP’S SONS, 
Plumbing, Ventilating, Steam Fitting 


MARINE SPECIALTIES, 
205 South St., New York, 724 Third Ave., Brooklyn, N. ¥. 


TELEPHONE CONNECTION. 
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